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I. Real Party in Interest 

The real party in interest in this appeal is Scimed Life Systems, Inc., a 
corporation organized under the laws of Minnesota. 

II. Related Appeals and Interferences 

There are no appeals or interferences that will directly affect, or be directly 
affected by, or have a bearing on the Board's decision in this appeal. 

III. Status of Claims 

This application includes claims 1-32, claims 7-32 of which are pending and 
stand rejected, leaving no claims allowed. The claims on appeal are claims 25 and 31. 

IV. Status of Amendments 

All amendments have been entered. 

V. Summary of Claimed Subject Matter 

Although the invention should not be limited to the preferred embodiments 
described in the specification, the invention will now be described in terms of several 
embodiments in order to aid in understanding the invention. 

Independent claim 7 is directed to a kit 100 for treating a bone structure having a 
cavity (see page 6, lines 2-13; Fig. 2). The kit 100 comprises a plurality of 
biocompatible, unconnected, implantable, laterally resilient wires 102 (page 8, lines 4- 
13; Fig. 2), and a cannula 104 configured for introducing the wires 102 within the cavity 
of the bone structure in a web-like arrangement 146 (page 6, line 14 to page 7, line 20; 
Fig. 2; page 1 1 , line 17 to page 12, line 6; Figs. 7 and 8). Dependent claim 31 (the first 
claim under appeal) requires the kit 100 to further comprise a spraying device 108 
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configured for applying uncured bone cement 110 onto the web-like arrangement 146 
of wires 102 (see page 8, lines 14-22; Fig. 2; page 12, lines 13-15; Fig. 9). 

Independent claim 20 is directed to a method of treating a bone structure 200 
(see page 10, lines 10-22; Figs. 4-10). The method comprises introducing a cannula 
104 within the bone structure 200 (see page 10, line 23 to page 11, line 10; Fig. 5), and 
introducing a plurality of biocompatible, unconnected, implantable, wires 102 through 
the cannula 104 within the bone structure 200 to create a web-like arrangement 146 
within the cavity of the bone structure 200 (see page 1 1 , line 1 1 to page 12, line 12; 
Figs. 6-8). Dependent claim 25 (the second claim under appeal) requires the method to 
further comprise spraying uncured bone cement 110 onto the web-like arrangement 
146 of wires 102 to interconnect the wires 102 at point of contact between the wires 
102 (see page 12, lines 13-25; Fig. 9). 

VI. Grounds of Rejection to be Reviewed on Appeal 

Whether claims 25 and 31 are unpatentable under 35 U.S.C. §1 03(a) as being 
obvious over U.S. Patent Publication No. 2003/0074075 ("Thomas I) or U.S. Patent 
Publication No. 2004/0024463 ("Thomas II"). 

VII. Arguments 

Applicant respectfully submits that the Examiner erred in rejecting claims 25 and 
31 under 35 U.S.C. §103 as being obvious over either Thomas I or Thomas II. 

Notably, to establish a prima facie case of obviousness, the prior art reference or 
combination of references must teach or suggest all the claim limitations (see MPEP 
§2143). In the present case, the Examiner has used to a single prior art reference 
(Thomas) as a basis for rejecting claims 25 and 31 as being obvious. However, 
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Thomas simply does not disclose or suggest each and every element required by these 
claims. 

The pertinent claim language at issue is "[spraying] uncured bone cement onto 
the web-like arrangement of wires" (claim 25), and "a [spraying] device configured for 
applying uncured bone cement onto the web-like arrangement of wires" (claim 31). The 
Examiner indicated that it would obvious to use a bone cement spraying device 
configured to be introduced within a cannula to minimize the incision size (see page 3, 
lines 1-3 of the office action, dated January 12, 2007). However, the Examiner has 
pointed to no teaching or suggestion in Thomas I or Thomas II, or any other prior art 
reference, of such a bone cement spraying device, and thus, has not set forth a prima 
facie case of obviousness with respect to claims 25 and 31 . Further, the Examiner has 
not set forth any reason why a bone cement spraying device introduced through the 
cannula would minimize an incision size as compared to any other device used to 
introduce bone cement through the same cannula. In an interview conducted with the 
Examiner on May 18, 2007 (see Interview Summary, dated June 11, 2007), the 
Examiner indicated that the term "spray" could be broadly construed to mean "[a] fine 
jet of liquid discharged from a pressurized can." Assuming that this interpretation is 
proper, the Examiner has not pointed to anywhere in the prior art where a pressurized 
device is used to discharge bone cement in a fine jet of liquid. 

In fact, even if such device existed in the prior art, it would still not render the 
claims obvious. As discussed in the background of the present application, the prior art 
contemplated filling the cavity of the fractured vertebra with bone cement to increase 
the structural integrity of the vertebra. Thus, the most that Thomas, along with any of 
this other prior art, suggests is that the cavity of the fractured vertebra is to be filled with 
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a bone cement after implant of the wire. Notably, several problems are associated with 
this technique, including the filling of any space needed for long-term therapeutic 
treatment, necrosis of bone tissue due to the heat generating by the bone cement 
during the curing process, and shrinkage of the bone cement, thereby leaving a loose 
ball within the vertebral cavity. (See page 2, line 20 to page 3, line 5 of specification). 
However, by spraying bone cement to stabilize and reinforce of web-arrangement of 
wires, the structural integrity of a fractured vertebra can be increased without 
experiencing the problems associated with filling the vertebra cavity with bone cement. 
(See page 12, lines 13-25 of specification). Thomas does not suggest spraying bone 
cement on a web-arrangement of wires for this reason or for any other reason. 

As such, Appellant submits that claims 25 and 31 are not obvious over Thomas. 



Respectfully submitted, 



VISTA IP LAW GROUP LLP 



Dated: June 18, 2007 




Customer No. 23410 
Vista IP Law Group LLP 
2040 Main Street, 9 th Floor 
Irvine, CA 92614 
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VIII. Appendix of Claims Involved in the Appeal 

7. A kit for treating a bone structure having a cavity, comprising: 

a plurality of biocompatible, unconnected, implantable, laterally resilient wires; 

and 

a cannula configured for introducing the wires within the cavity of the bone 
structure in a web-like arrangement. 

1 1 . The kit of claim 7, further comprising a device configured for applying 
uncured bone cement onto the web-like arrangement of wires. 

31 . The kit of claim 1 1 , wherein the device is a spraying device. 

20. A method of treating a bone structure, comprising: 
introducing a cannula within the bone structure; 

introducing a plurality of biocompatible, unconnected, implantable, wires through 
the cannula within the bone structure to create a web-like arrangement within the cavity 
of the bone structure. 

24. The method of claim 20, wherein the web-like arrangement comprises points 
of contact between the wires, the method further comprising applying uncured bone 
cement onto the web-like arrangement of wires to interconnect the wires at the points of 
contact. 

25. The method of claim 24, wherein the uncured bone cement is sprayed onto 
the web-like arrangement. 
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IX. Evidence Appendix 

A. U.S. Patent No. 2003/0074075. Originally cited by the Examiner in the Office 
Action, dated August 23, 2006. 

B. U.S. Patent No. 2004/0024463. Originally cited by the Examiner in the Office 
Action, dated January 12, 2007. 
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ABSTRACT 



Expandable implants for intervertebral disc repair, and 
methods and apparatuses for delivering the same into the 
disc. The present implants can also be used for repair of bone 
fractures. The implants generally comprise a compressed 
form having a size adapted for insertion into a defect in the 
intervertebral disc, and a composition that allows the 
implant to expand from the compressed form into an 
expanded form after the implant is inserted into the defect. 
The expanded form of the implant has a configuration that 
fills the defect in the disc. The defect in the disc can be an 
annular defect that resulted from repair of a herniation of the 
disc, or a nucleus that needs to be repaired. The composition 
used to make the implant can comprise a shape memory 
alloy (SMA) or any other suitable material. 
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EXPANDABLE IMPLANT FOR PARTIAL DISC 
REPLACEMENT AND REINFORCEMENT OF A 
DISC PARTIALLY REMOVED IN A DISCECTOMY 
AND FOR REDUCTION AND MAINTENANCE OF 

ALIGNMENT OF CANCELLOUS BONE 
FRACTURES AND METHODS AND APPARATUSES 
FOR SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the benefit of U.S. Provi- 
sional Application No. 60/315,268 filed on Aug. 27, 2001. 

FIELD OF THE INVENTION 

[0002] The present invention relates to expandable 
implants for partial disc replacement and repair of cancel- 
lous bone fractures, and more specifically, to expandable 
implants and methods for delivering the same that can be 
used to repair an annular and nuclear defects in a disc, as 
well as repairing various types of cancellous bone fractures. 

BACKGROUND OF THE INVENTION 

[0003] A lumbar intervertebral disc comprises a mechani- 
cal and flexible component to the spine to allow better 
support of the vertebral body and the spinal column. The 
disc is made of two components, an annulus and a nucleus. 
The annulus is the outer structure and is composed of 
multiple layers of collagen fibers. Each fiber is uniquely 
oriented at 30 degrees to the adjacent fiber. When intact the 
annulus can support pressures of up to 100-120 lbs per 
square inch. The nucleus is the inner structure and is 
composed of a different collagen, which is largely water and 
in a gelatinous form. The nucleus is held under pressure in 
the center of the intact disc by the intact annulus. (See FIGS. 
la & lb). Unfortunately, the annulus is prone to tears and 
traumatic events. When a tear occurs from the periphery of 
the annulus to the center of the nucleus, this comprises a 
radial annular tear. This will allow the nucleus to rupture 
through the annular tear into and towards the spinal canal 
(see FIGS. 2a & 2b). This ruptured nucleus material puts 
pressure on the neural and ligamentous structures causing 
back pain and often pain down the posterior aspect of the 
buttock and leg. This particular symptom is named sciatica. 

[0004] Conservative treatment is often performed. How- 
ever, when conservative treatment fails and pain is intrac- 
table or neurologic deficit exists, surgery is performed. In 
this particular surgery, a small opening (a laminotomy) is 
made in the back of the spinal bone structure to allow access 
to the spinal canal. The nerve root and thecal sac are gently 
retracted and the hernia identified. The hernia is essentially 
removed with micro surgical tools and instruments. A defect 
is left in the annulus. Nothing is placed in the annular defect. 
(See FIGS. 3a & 36). The surgeon depends upon a fibro- 
blastic response to repair the defect with scar tissue. 

[0005] However, the vascularity of the adult intervertebral 
disc is poor. The disc is the largest avascular structure in the 
human body next to the cornea of the eye. As a result, 
healing with scar tissue is very fragile, if it occurs at all, and 
often, over a period of years, further degeneration of the 
annular and nuclear structures occurs. The disc space nar- 
rows as a result of this progressive degenerative phenomena 
and this causes new problems such as root compression in 



the exit zone of the spinal canal. This area is known as the 
foramen. This may result in the patient having increased or 
recurrent symptoms, and a subsequent surgical fusion may 
be required for the patient. The statistics vary for the number 
of patients who have laminectomy and discectomy and 
subsequently require fusion. They may be as high as 70% 
over a ten year period. 

[0006] In addition to the problems that exist with the 
repair of annular defects, the same obstacles have been 
present with respect to nuclear defects. Because the nucleus 
often ruptures through tears in the annulus, there often is an 
inadequate amount of residual nucleus for the disc to pro- 
vide its weight bearing support and compression functions. 
As a result, there exists a need for an implant that can be 
inserted into the nucleus to simulate the function and struc- 
ture of the original nucleus. 

[0007] Furthermore, conditions similar to those present in 
a damaged disc exist in other parts of the human body. 
Particularly, areas where cancellous bone fractures occur 
have been difficult to adequately repair. For example, areas 
such as the distal radius and the plateau of the tibia adjacent 
to the knee often suffer cancellous fractures and result in 
further complications such as a collapse and alteration of 
alignment of joints. Also, fractures in areas such as the 
thoracic or lumbar spine are common, particularly in elderly 
patients who suffer from weak osteoporotic bones. Known 
treatments for many of these types of fractures have been 
largely inadequate. For example, some treatments have 
included injection of liquid bone cement (vertebroplasty) 
into the fracture, insertion of a prosthetic balloon (kyphop- 
lasty) that is inflated to create a cavity where cement can be 
subsequently injected. Overall, the known techniques have 
been inadequate to reliably fill the void of the fracture, and 
at the same time reinforce the fracture and support its 
realignment/reduction. 

[0008] Accordingly, there exists a need for devices and 
methods for treating damaged discs and bone fractures that 
overcome the problems and inadequacies of treatments 
currently available. Particularly, there is a need for expand- 
able implants that effectively repair annular defects, nuclear 
defects, and cancellous bone fractures. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to expandable 
implants for intervertebral disc repair, and methods and 
apparatuses for delivering the same into the disc. The 
present implants can also be used for repair of bone frac- 
tures. The implants generally comprise a compressed form 
having a size adapted for insertion into a defect in the 
intervertebral disc, and a composition that allows the 
implant to expand from the compressed form into an 
expanded form after the implant is inserted into the defect. 
The expanded form of the implant has a configuration that 
fills the defect in the disc. The defect in the disc can be an 
annular defect that resulted from repair of a herniation of the 
disc, or a nucleus that needs to be repaired. The composition 
used to make the implant can comprise a shape memory 
alloy (SMA) or any other suitable material. 

[0010] When the implant is made from an SMA, the 
compressed form is a non-memory shape that is retained 
until the implant is activated by temperature or electrical 
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current, such that activation transforms the expandable 
implant to a predetermined memory shape that defines the 
expanded form. 

[0011] Various devices can be used to insert the present 
implants into the area being treated. The devices are adapted 
to retain the implant while the device is inserted into the 
intervertebral disc, and to controllably release the implant 
therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. la shows an axial view of a normal disc and 
the spinal cord; 

[0013] FIG. lb shows a side view of a normal disc and the 
spinal cord; 

[0014] FIG. 2a shows an axial view of a ruptured disc 
putting pressure on the spinal cord; 

[0015] FIG. 2b shows a side view of a ruptured disc 
putting pressure on the spinal cord; 

[0016] FIG. 3a shows an axial view of the ruptured disc 
of FIG. 2a after the herniation has been removed and an 
annular defect remains; 

[0017] FIG. 3b shows a side view of the ruptured disc of 
FIG. 2b after the herniation has been removed and an 
annular defect remains; 

[0018] FIG. 4a shows an implant for treatment of an 
annular defect, the implant having a "figure eight" configu- 
ration; 

[0019] FIG. 4b shows an implant for treatment of an 
annular defect, the implant having a "mushroom" shape 
configuration; 

[0020] FIG. 4c shows an implant for treatment of an 
annular defect, the implant having a "brillopad" wiry shape; 

[0021] FIG. 5 shows a template that can be used to 
measure an annular defect and simulate various implants; 

[0022] FIG. 6a shows a disc after a hernia has been 
removed and the annular defect is empty; 

[0023] FIG. 6b shows an implant in its unexpanded form 
prior to insertion into the annular defect; 

[0024] FIG. 6c shows the implant of FIG. 6b inserted into 
the annular defect of FIG. 6a, wherein the implant is in its 
expanded form; 

[0025] FIG. 7 shows a forcep-like device for inserting an 
implant into an annular defect; 

[0026] FIG. 8a shows an implant having a stent basket 
construction, wherein the implant is disposed over an inser- 
tion device; 

[0027] FIG. 8b shows the stent basket implant fastened to 
the insertion device; 

[0028] FIG. 9 shows a closer view of the stent basket 
implant of FIGS. 8a and 8b; 

[0029] FIG. 10 shows a pair of barbs extending from the 
body of the stent basket implant; 

[0030] FIG. 11a shows an insertion rod device for deliv- 
ery of a stent basket implant into an annular defect; 



[0031] FIG. lib shows loading the stent basket onto the 
insertion rod device; 

[0032] FIG. 11c shows additional steps for loading the 
stent basket onto the insertion rod device; 

[0033] FIG. 12 shows the delivery of the stent basket 
implant into the annular defect; 

[0034] FIG. 13 shows the delivery and release of the stent 
basket implant into the annular defect; 

[0035] FIG. 14 shows another implant for treatment of an 
annular defect, wherein the implant is a stent basket; 

[0036] FIG. 15 shows another implant for treatment of an 
annular defect, wherein the implant is a modified stent 
basket; 

[0037] FIG. 16 shows another implant for treatment of an 
annular defect, wherein the implant is a stent plug; 

[0038] FIG. 17 shows another implant for treatment of an 
annular defect, wherein the implant is a winged plug; 

[0039] FIG. 18 shows another implant for treatment of an 
annular defect, wherein the implant is an inflatable plug; 

[0040] FIG. 19 shows another implant for treatment of an 
annular defect, wherein the implant is a spider staple; 

[0041] FIG. 20 shows another implant for treatment of an 
annular defect, wherein the implant is a ratchet plug; 

[0042] FIG. 21 shows another implant for treatment of an 
annular defect, wherein the implant is a goblet plug; 

[0043] FIG. 22 shows another implant for treatment of an 
annular defect, wherein the implant is a goblet device; 

[0044] FIG. 23 shows another implant for treatment of an 
annular defect, wherein the implant is a goblet wire device; 

[0045] FIG. 24 shows another implant for treatment of an 
annular defect, wherein the implant is a tubular plug; 

[0046] FIG. 25 shows another implant for treatment of an 
annular defect, wherein the implant is a modified tubular 
plug 

[0047] FIG. 26 shows another implant for treatment of an 
annular defect, wherein the implant is a spring barb; 

[0048] FIG. 27a shows an implant for repair of a nucleus, 
wherein the implant is wires packed into the nucleus to form 
a spring pad; 

[0049] FIG. 276 shows an implant for repair of a nucleus, 
wherein the implant is delivered into a flexible bag that was 
inserted into the nucleus; 

[0050] FIG. 28 show a delivery gun for insertion and 
delivery of an implant for treatment of a nucleus; 

[0051] FIG. 29a shows a needle for use with a delivery 
gun for inserting and delivering an implant for treatment of 
a nucleus; 

[0052] FIG. 296 shows the needle of FIG. 29a for use 

with a delivery gun for inserting and delivering an implant 
for treatment of a nucleus; 

[0053] FIG. 29c shows a needle having a side port for use 
with a delivery gun for inserting and delivering an implant 
for treatment of a nucleus; 
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[0054] FIG. 29d shows the needle of FIG. 29c for use 

with a delivery gun for inserting and delivering an implant 
for treatment of a nucleus; 

[0055] FIG. 30a shows a delivery gun for insertion and 
delivery of an implant for treatment of a nucleus, wherein a 
replaceable cartridge and a body are not adjoined; 

[0056] FIG. 30b shows the delivery gun of FIG. 30a, 

wherein the replaceable cartridge and the body are adjoined; 
and 

[0057] FIG. 31 shows an implant for repair of a nucleus, 
wherein the implant is microcellular spheres. 

DETAILED DESCRIPTION 

[0058] The expandable implants of the present invention 
are suitable for several applications, particularly annular 
and/or nuclear defects in damaged discs and a wide range of 
bone fractures. Several possible configurations can be made 
from a number of different materials. 

[0059] Overview of Suitable Materials 

[0060] The present implants are preferably elastic and 
susceptible to withstanding long term implantation into a 
mammalian body. Examples of suitable materials include 
shape memory alloys (SMAs), superelastic SMAs, nitinol, 
MP35, Elgiloy, spring steel, and any plastic elastic material 
or other material suitable for such implantation. For sim- 
plicity and clarity, many of the embodiments described 
herein are discussed as being made from a SMA, particularly 
nitinol, but it is understood that the benefits and features of 
the present invention are not limited to an SMA or nitinol, 
and can be achieved by using any of other suitable materials. 

[0061] SMAs are materials that have the ability to return 
to a predetermined shape. The return is the result of a change 
of phase or structure that can be triggered by an external 
stimulus such as temperature change or electrical current. 
For example, when one type of SMA is below transforma- 
tion temperature, it has a low yield strength and can be 
deformed into a new shape that it will retain while it is below 
its transformation temperature. However, when the material 
is heated above its transformation temperature, it undergoes 
a change in crystal structure that causes it to return to its 
original shape. If the SMA encounters any resistance during 
this transformation, it can generate extremely large forces. 
Thus, SMAs provide a good mechanism for remote actua- 
tion. One preferred shape memory material is an alloy of 
nickel and titanium called nitinol. Nitinol has desirable 
electrical and mechanical properties, a long fatigue life, high 
corrosion resistance, and has similar properties to residual 
annular tissue and cartilaginous tissues. Other SMAs can 
comprise, for example, alloys of copper, zinc and aluminum 
or copper, aluminum and nickel. For the present invention, 
SMA materials or a hybrid with SMA materials can be used 
to make implants to reconstruct the annular and/or nuclear 
defects after human discectomy surgery, as well as a variety 
of bone fractures experienced throughout the human body. 

[0062] Another type of shape memory alloys are called 
superelastic SMAs, which can be compressed into a small 
shape and upon release automatically expand to a predeter- 
mined shape. Thus, no external activation, such as tempera- 
ture or electrical stimulation, is required. One preferred 
superelastic SMA is superelastic nitinol, which has similar 



properties to the SMA nitinol discussed above, but because 
it is a superelastic SMA does not require activation. The 
superelastic nitinol, or other suitable superelastic SMA, can 
be compressed into a small package, placed into a surgical 
deficit such as an annular or nuclear defect or bone fracture 
and, upon release, expand to a predetermined shape to fill the 
deficit. 

[0063] Treatment of Annular Defects 

[0064] The implants of the present invention are advan- 
tageous for treatment of annular defects. The implants can 
be made from materials such as nitinol and are inserted into 
the annular defect to reinforce the annulus and restore 
elasticity to the disc. FIGS. 1 to 3 illustrate a normal disc, a 
ruptured disc, and a disc that has undergone a discectomy. 

[0065] Referring to FIG. la, an axial view of a normal, 
unruptured disc 10 is shown. The disc 10 comprises an 
annulus 11 surrounding a nucleus 12. The spinal cord or 
nerve 13 is shown in close proximity to the disc, but no 
portion of the disc is putting pressure on the nerve. FIG. lb 
shows a side view of the disc 10 of FIG. la. 

[0066] Referring to FIG. 2a, an axial view of a ruptured, 
herniated disc 10 is shown. The annulus 11 has suffered an 
annular tear 14, which allowed a portion of the nucleus 12 
to rupture through the annulus and put pressure on the nerve 
13 (i.e. sciatica) FIG. 2b shows a side view of the ruptured 
disc 10 of FIG. 2a. 

[0067] Referring to FIG. 3a, an axial view is shown of the 
disc 10 after a partial discectomy has been performed to 
remove the hernia. After the hernia has been removed, the 
annular tear 14 is still present, but rather than having the 
portion of the nucleus ruptured through the annulus 11, there 
remains an annular defect 15, which in effect is an empty 
space. As noted above, the common practice is to leave the 
annular defect 15 empty, and rely on fibroblastic growth and 
scar tissue to fill the defect. FIG. 3b shows a side view of 
the disc 10 of FIG. 3a. 

[0068] The implants of the present invention are used to 
repair the annular defect 15 by filling in the empty space, 
which provides strength and elasticity to the damaged por- 
tion of the annulus and prevents additional portions of the 
nucleus from exiting the disc. As will become evident, a 
wide variety of implants can be used to repair the annular 
defect. 

[0069] With respect to nitinol implants, the fibers may be 
oriented at about 30 degrees to each other to simulate the 
annular structure and anatomy of human discs. While a 30 
degree orientation for nitinol fibers is favorable for simu- 
lating annular anatomy, it is understood that other orienta- 
tion angles can be used to provide sufficient tear strength. 
Because defects in the annulus vary depending on the extent 
of disc herniation and surgical resection, the structure of the 
implant used can be varied and customized. In addition to 
varying the orientation of fibers woven together, the 
implants can include a wide range of combinations of 
textures, solid/semi-solid constructions, and porous sur- 
faces. Furthermore, the implants can be configured to any 
necessary shape, such as a wedge, square, circle, rectangle, 
cone, cylinder, or any combination therefor. FIGS. 4a to 4c 
show a few sample combination shapes of an implant 16 of 
this invention, including a "FIG. 8" configuration (FIG. 4a), 
a "mushroom" shape (FIG. 4b), and a "brillopad" wiry 



US 2003/0074075 Al 



4 



Apr. 17, 2003 



shape (FIG. 4c). Each of the implants 16 would be designed 
to fill the specific annular defects 15 present in the disc 10, 
including corresponding to the curvilinear diameter of the 
annulus. 

[0070] After a surgical discectomy is performed, the annu- 
lar defect 15 can be measured with a small template 
designed to simulate various implants. The template is an 
optional device that can be used to measure the size of the 
annular defect to choose the implant. Referring to FIG. 5, a 
template 18 can generally comprise a handle 20 with a 
template head 22. The template head 22 can be any an shape 
and size, and is designed to insert into the annular defect to 
determine the appropriate size and shape of the implant 16. 
The template head can be either permanently or removably 
adjoined to the handle. 

[0071] When the implant is made from an SMA such as 
nitinol, the implant is activated by temperature change or 
electrical current to cause the implant to expand to its 
memory shape. For instance, at room temperature the 
implant may be in its martensite form (more deformable, 
lower temperature phase). However, when the nitinol 
implant is inserted into position, the temperature of the body 
will naturally heat up the nitinol causing it to transform to its 
austenite form (more rigid, higher temperature phase). The 
nitinol implant will expand to fill the defect and reinforce the 
damaged annulus. Based on the various percentages of 
materials in the implant, the transformation temperature of 
the implant can be predetermined. The transformation tem- 
perature should be high enough so that the implant will 
remain in the martensite form outside of the body and will 
not be reduced to its martensite form by the body tempera- 
ture surrounding the implant after insertion. In the case of 
the implant being made from a superelastic SMA, activation 
is not necessary and expansion occurs upon the release of the 
material to the new area. 

[0072] The implants can also have adjustable percentages 
of enlargement depending on the size of the defect. Degree 
of enlargement can be adjusted by selection of a particular 
alloy combination or ratio. For example, excess nickel (up to 
1%) strongly depresses the transformation temperature and 
increases the yield strength of the austenite form. Also, iron 
and chromium can be used to lower the transformation 
temperature, and copper can be used to decrease hysteresis 
and lower the deformation stress of the martensite form. 

[0073] The implants used for treatment of annular defects 
reinforce the damaged corner of the disc and the annulus. It 
also acts as a scaffold to promote fibrous ingrowth, by 
allowing the structure of scar tissue to occur on a more 
sophisticated basis. It also reduces the asymmetrical col- 
lapse that can occur because of the resection of the disc on 
the posterior longitudinal corner that results from the trauma 
of injury and/or surgery. Herniations more often than not 
occur on the left or right side, because the posterior longi- 
tudinal ligament reinforces the central portion of the disc. 
The implant may serve to reduce the degenerative phenom- 
ena common to discectomy treatment and potentially reduce 
the number of patients requiring secondary fusion surgery. 
By immediately strengthening the annular defect, improved 
post operative recovery may result as well. 

[0074] The implants can be designed to expand into the 
fibrous tissue of the annulus and up to the edge of the 
nucleus, or slightly into the nucleus, and lodge themselves 



successfully into the residual disc tissue. Residual disc tissue 
is present because the surgeon only removes, in general, the 
portion of the disc that is protruding or ruptured. Generally, 
anywhere from 50-80% of the residual disc tissue is still 
present after surgery. This ability to lodge upon expansion 
into the residual disc tissue prevents the device from being 
displaced by normal post-operative activities, such as stand- 
ing, walking, bending or twisting. It is not intended to act as 
a fusion device and, therefore, does not result in bone 
growth. On the other hand, the device is designed to promote 
fibrous tissue ingrowth and reinforces the weakened area of 
the annulus with its mechanical structure. 

[0075] Modifications such as placing a collagen type coat- 
ing or a bio-material onto or into the device to promote 
annular reconstruction and fibroblastic ingrowth can also be 
appropriate. A carrier for autologous chondrocyte cells can 
also be provided to promote regrowth of disc tissue and aid 
in the repair of the disc. Synthetics that are known to be 
biocompatible, such as Gortex™ or Teflon™, or other 
materials, can be applied or interwoven into the nitinol 
implant to reduce or prevent contact of the implant with 
neurologic tissue (present on the posterior aspect of the 
implant) or on the inner circumference of the implant 
adjacent to the nucleus. 

[0076] As is apparent from the discussion above, the 
implants 16 of the present invention can vary widely 
depending on the particular application. To further illustrate 
the structural aspects of the implants, example embodiments 
will be discussed in greater detail. These embodiments are 
only illustrative of the inventive concepts and are not 
intended to limit the scope of the claims recited herein. 

[0077] Referring to FIGS. 6a to 6c, the ruptured disc 10 
is shown before and after insertion of the implant 16. More 
specifically, FIG. 6a shows the disc 10 after the hernia has 
been removed and with the annular defect 15 empty. FIG. 6b 
shows the implant 16 in its unexpanded form prior to 
insertion into the annular defect. FIG. 6c shows the annular 
defect 15 with the implant 16 inserted therein, and the 
implant 16 fully expanded to its memory form. The implant 
16 prevents the residual nucleus 12 from further rupture 
through the annulus 11. It is understood that the implant 16 
could be an SMA, a superelastic SMA, or any other suitable 
material, that changes from an unexpanded to expanded 
form either automatically upon release into the annular 
defect or by some form of activation. 

[0078] The implant can be inserted into the annular defect 
by a wide range of implantation devices that are suitable for 
grasping the implant 16 and precisely positioning the 
implant within the annular defect. FIG. 7 shows a basic, 
forcep-like implantation device 24 comprising a body 26 
having a pair of arms 28 extending outward. The arms are 
movable with respect to the body, which allows the surgeon 
to directly control release of the implant. 

[0079] FIGS. 8a, 8b, and 9 show another embodiment of 
the present implant for treatment of annular defects. Here, 
the implant is a stent basket 30. The stent basket 30 in FIG. 
8a is shown disposed over an insertion rod that is used to 
insert the stent basket into the annular defect. The stent 
basket 30 generally comprises a body 32, having a distal end 
34 and a proximal end 36 opposite the distal end. The distal 
end 34 further comprises four expandable retention legs 38. 
The retention legs 38 are designed to engage the annulus 
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along the portion of the annulus defining the annular defect, 
such that the stent basket is fixedly engaged within the 
annular defect. Body 32 has a generally cylindrical shape 
and is hollow between the distal end and proximal end. This 
construction allows the body 32 to be radially compressed 
prior to insertion into the annular defect, and then be radially 
expanded after insertion. The body is shown having a 
non-solid exterior surface, such that radial expansion of the 
body allows portions of the body to extend outward. More 
specifically, the body 32 comprises a plurality of barbs 40 
that help secure the stent basket to the annulus. 

[0080] Referring to FIG. 9, the stent basket 30 is shown 
with the retention legs 38 substantially expanded, while the 
body 32 is not fully radially expanded. When the body 32 is 
not fully expanded, the barbs 40 are in uniform orientation 
with the rest of the body such that a relatively smooth 
surface is defined by the body. FIG. 10 shows a close-up 
view of a portion of the stent body 32 after the body has 
radially expanded. In this expanded form, the barbs 40 
extend outward from the body at specified angles, such that 
the barbs 40 can penetrate part way into the annulus to 
secure the stent basket and prevent the stent basket from 
entering or exiting the annular defect. The barbs shown in 
FIG. 10 are oriented in opposite directions to one another to 
provide a more secure engagement with the annulus and 
prevent posterior and anterior migration. The stent basket 30 
further comprises a plurality of retention arms 42 at the 
proximal end 36. The retention arms 42 are designed to be 
engaged by the insertion device that is used to insert the 
implant into the annular defect. 

[0081] The stent basket 30 is preferably made of nitinol or 
superelastic nitinol. As with the implants 16 discussed 
above, however, the stent basket 30 can be made from any 
other suitable material. The structure of the stent basket in its 
unexpanded and expanded forms is more fully shown by the 
delivery system/method used to insert the stent basket into 
the annular defect. 

[0082] The delivery and insertion of the stent basket is 
preferably carried out by a multi- component insertion rod 
device. Referring to FIGS. 8a and 86, a portion of an 
insertion rod device 44 is shown, wherein the stent basket 30 
is positioned thereon. More specifically, the stent basket is 
positioned on an inner rod portion 46 of the insertion rod 
device 44. The insertion rod device 44 further comprises a 
holding sleeve 48, which is positioned adjacent the proximal 
end 36 of the stent basket. The holding sleeve 48 is designed 
for engaging the retention arms 42 of the stent basket by 
being fastened to the retention arms by a suture material 50. 
FIG. 86 shows the holding sleeve 48 adjoined to the 
fastening arms 42 by the suture material 50. FIGS. 8a and 
8b illustrate the first two steps of preparing the stent basket 
30 for delivery into the annular defect, namely placing the 
stent basket over the inner rod portion 46 and threading the 
suture material 50 to fasten the holding sleeve 50 to the 
retention arms 42. 

[0083] FIGS. 11a to 11c show the entire assembly of the 
insertion rod device 44, and illustrate how the stent basket 
30 is loaded thereon. Referring to FIG. 11a, the stent basket 
30 is positioned within the insertion rod device for delivery 
into the annular defect. The insertion rod device 44 further 
comprises a leg control knob 52, which is secured to the 
inner rod portion 46. The stent basket 30 is positioned over 



the inner rod portion 46, and advancement of the leg control 
knob 52 functions to release the stent retention legs 38. The 
stent retention legs 38 are in their unexpanded form prior to 
delivery. The insertion rod device 44 further comprises an 
outer tube 54 that is positioned over the inner rod portion 46 
and the holding sleeve 48. The outer tube 54 is secured to a 
stent constraint knob 56. The stent constraint knob 56 is 
positioned between the outer tube 54 and a handle 58. 
Retracting the stent constraint knob 56 causes the stent 
basket 30 to expand radially. 

[0084] Referring to FIG. lib, the loading of the stent 
basket 30 onto the insertion rod device 44 is shown. The 
loading process uses a loading device 60, which changes the 
position of the stent basket 30 from the position shown in 
FIGS. 8a and 8b, to the position shown in FIGS. 11a and 
116. More specifically, in FIGS. 8a and 86 the reinforce- 
ment legs 38 are shown in an expanded position, whereas in 
FIGS. 11a and 116 the reinforcement legs are flattened to a 
compressed form where the legs are substantially linear. The 
loading device 60 is positioned over the insertion rod device 
and the stent basket and is engaged to compress the stent 
basket. By tightening a plurality of loading screws 62 on the 
loading fixture 60, the stent retention legs are deflected. At 
that point, retracting the inner rod 46 serves to capture the 
stent retention legs within grooves in the inner rod, and the 
loading screws are loosened. FIG. 11c illustrates the final 
steps for loading the stent basket onto the insertion rod 
device to prepare for delivery into the annular defect. More 
specifically, after the step of loosening the loading screws 
62, the outer tube 54 and stent constraint knob 56 are 
positioned over the stent basket and into the loading fixture 
62. The inner rod 46 is then retracted and holding sleeve 48 
and stent basket 30 are positioned into outer tube 54. The 
stent basket 30 is then prepared for delivery into the annular 
defect by the insertion rod device. 

[0085] Referring to FIGS. 12 and 13, in conjunction with 
FIGS. 9 to 11, the delivery/insertion of the stent basket 30 
into the annular defect 15 comprises the steps of first 
positioning the insertion rod device 44 into the annular 
defect 15. Next, the outer tube 54 is retracted such that the 
stent basket 30 expands radially. Next, referring to FIG. 13, 
the inner rod 46 is retracted, which assures that the stent 
retention legs 38 are deployed. At this point, the stent basket 
is positioned within the annular defect 15 and is engaged 
within the annulus. Next, the suture material 50 is severed, 
which releases the retaining arms 42 from the holding sleeve 
48. The insertion rod device 44 is then removed from the 
patient's body and the stent basket is fully inserted into the 
annular defect. 

[0086] The stent basket 30 provides repair to the annular 
defect by filling the empty space and by providing strength 
to the damaged portion of the annulus. Further, the stent 
basket prevents the nucleus from rupturing through the 
annulus and prevents collapse and damage to the annulus 
and disc. 

[0087] In addition to specific embodiments discussed 
above in detail, there are several other possible configura- 
tions for the present implant device. Below is a brief 
description of additional sample embodiments of implant 
devices of this invention that can be used for the repair of 
annular defects. Specifically, an additional thirteen configu- 
rations are shown in FIGS. 14 to 26. The same general 
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concepts and principles discussed above are equally appli- 
cable to the embodiments shown in FIGS. 14 to 26. Accord- 
ingly, these embodiments will only be described generally 
with reference to the drawings, which in conjunction with 
the above -provided description provide sufficient disclosure 
to enable one of ordinary skill in the art to benefit and 
practice each of the embodiments without undue experimen- 
tation. 

[0088] FIG. 14 shows another embodiment of the present 
invention, particularly a stent basket wherein a stent-like 
structure is delivered in a compressed state. A fibroelastic 
plug may or may not be inserted into the opening in the stent 
basket. Upon expansion, the hole in the annulus is filled and 
the locking legs lay against the inside wall. Barbs penetrate 
part way into the annulus and secure the device from 
dislodging into the nucleus. There are additional barbs from 
the mid-portion of the stent basket that go in the opposite 
direction to prevent the stent basket from going into the 
center of the nucleus. The basket may or may not have an 
opening that would provide a scaffold or for fibroblastic 
tissue repair. 

[0089] It is understood that the implants of this invention 
are designed to accommodate changes that occur in the 
intervertebral discs to which they are inserted. An interver- 
tebral disc, by its nature, undergoes expansion and contrac- 
tion as a person moves in certain positions. The implants are 
designed to help a damaged disc having one or more of the 
implants inserted therein perform its original function. For 
example, if a patient's annular defect and/or nucleus 
enlarges when moving in a specific position, then the 
implant(s) would also expand to retain the contact of the 
implant(s) with the annular defect and/or nucleus, and thus 
mimic the annulus and/or nucleus. Similarly, if the annular 
defect and/or nucleus contracts, the implant(s) will contract 
to respond in the same manner as the residual annulus and/or 
nucleus. It is also understood that more than one implant can 
be used in a single intervertebral disc (i.e. a separate implant 
for the annular defect and nucleus). 

[0090] With the stent basket of FIG. 14, as well as other 
embodiments of the present implant device, a T-handle 
inserter can be used for inserting the implant device. A tube 
(or sleeve) would fit over the implant. Once the stent basket 
was inserted into the annular defect, the tube (or sleeve) 
would be pulled back. As the threaded connection is still 
present, the device and sleeve now expands and the surgeon 
can gently pull back and rest the expanded device with barbs 
(optional) into the annulus. Next, the T-handle is unscrewed 
and then a tube would be inserted through the stent basket 
(optional) and the uncoiled portion delivered to fill the 
annular defect. 

[0091] FIG. 15 shows another embodiment of the present 
invention, particularly an alternative stent basket which is 
similar to the stent basket in FIG. 14, however, it has a more 
flexible appearance, has thinner legs and barbs, and the 
barbs on the OD of the basket provide further fixation. 

[0092] FIG. 16 shows another embodiment of the present 
invention, particularly a stent plug wherein a stent-like 
structure is delivered in a compressed state. Upon expan- 
sion, the hole in the annulus is filled and the locking legs lay 
against the inside and outside walls. Barbs may be provided 
to penetrate part way into the annulus and secure the opening 
from further expansion. 



[0093] FIG. 17 shows another embodiment of the present 
invention, particularly a winged plug wherein a plug has 
rigid wings on the outside and moveable wings on the inside. 
The internal wings are locked in position by a sliding insert. 
When in position, the wings are locked by insertion of the 
pin. Sutures or barbs on the wings could further secure the 
device and the annulus opening. 

[0094] FIG. 18 shows another embodiment of the present 
invention, particularly an inflatable plug wherein the plug is 
molded from an elastomer. For delivery, it is rolled or folded 
and pushed through the opening. After it is in place, the plug 
is filled with a liquid or gel through a valve (not shown). The 
geometry of the contact edges provides a large sealing area. 

[0095] FIG. 19 shows another embodiment of the present 
invention, particularly a spider staple wherein a one piece 
staple is crimped or folded for delivery, expanded, then 
pulled outward through the annulus. A plate is installed to 
provide staple and plug (not shown) support. The staple is 
either crimped over or its shape set to provide a lock to the 
plate. 

[0096] FIG. 20 shows another embodiment of the present 
invention, particularly a ratchet plug wherein an interior 
flange is shape set in an open position. Upon delivery it 
opens and seats against the inner annulus. A plate is inserted. 
The interface between the two parts is a ratchet which locks 
the parts in position and secures the two sides of the annulus 
under pressure. A plug is installed to seal the cavity. 

[0097] FIG. 21 shows another embodiment of the present 
invention, particularly a goblet plug wherein a stent-like 
structure with a fibrous plug (not shown) is delivered in a 
compressed state. Upon expansion, the hole in the annulus 
is filled and the plug is locked in place. 

[0098] FIG. 22 shows another embodiment of the present 
invention, particularly an improved goblet device wherein a 
porous material for tissue growth is wrapped around an 
inverted wedge. The stent-like structure is delivered in a 
crimped state. Upon expansion, the stent is locked in place. 

[0099] FIG. 23 shows another embodiment of the present 
invention, particularly another improved wire goblet device 
wherein porous material for tissue growth is wrapped around 
a wire frame. Upon expansion, the stent is locked in place 
with an independent barbed spring. 

[0100] FIG. 24 shows another embodiment of the present 
invention, particularly a tubular plug wherein a stent-like 
structure with a fibrous plug (not shown) is delivered in a 
compressed state. Upon expansion, the hole in the annulus 
is filled and the locking legs lay against the inside and 
outside walls. Barbs may be provided to penetrate part way 
into the annulus and secure the opening from further expan- 
sion. 

[0101] FIG. 25 shows another embodiment of the present 
invention, particularly an improved tubular plug wherein a 
stent-like structure is delivered in a compressed state. Upon 
expansion, the hole in the annulus is filled and the locking 
legs lay against the inside walls. A distal end may lay against 
the inside wall of the annulus to avoid further delivery. 

[0102] FIG. 26 shows another embodiment of the present 
invention, particularly a spring barb device wherein a simple 
spring structure is used and upon delivery, the barbs pen- 
etrate and lock the device in position. The structure is 
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flexible and provides a scaffold for tissue growth. A filler of 
similar material or porous fiber could provide further scaf- 
folding. Additionally, barb geometry could be altered to stop 
the opening from further expansion. 

[0103] Repair and Restoration of the Nucleus 

[0104] The present invention can also be used to repair 
and restore the nucleus portion of the disc. Generally, the 
teachings and disclosures provided above with respect to 
treatment of annular defects are applicable to the treatment 
and repair of the nucleus, and accordingly, will not be recited 
again. It is understood that the implants discussed above can 
be inserted into the nucleus to restore the nucleus. An 
additional implant that can be used to repair the nucleus is 
an SMA material that is inserted into the nucleus having a 
wire construction, and upon expansion, fills the entire 
nucleus area. Referring to FIG. 27a, a spring pad 64 is 
shown inserted into the nucleus 12. The spring pad 64 serves 
as a nucleus augmentation restoring flexibility, elasticity and 
height to the vertebral disc. The spring pad 64 comprises 
nitinol SMA, or other suitable flexible material, that was 
inserted into the nucleus in wire or small coil form. Enough 
material is deployed to fill the entire nucleus. The method of 
inserting the SMA wire or coil to form the spring pad 64 can 
be varied. 

[0105] One method of delivering the implant into the 
nucleus includes use of an insertion device or delivery gun 
that transforms the coiled wire of the SMA to a straight wire 
as it passes through the delivery gun. Referring to FIG. 28, 
a delivery gun 66 is partially shown. The delivery gun 
comprises a retractable lever 68 that is manually positioned 
to allow access to an opening 70 that provides a controlled 
path through a chamber 72. A nitinol wire 74 is shown 
disposed through the opening 70 and positioned within the 
chamber 72, such that the retractable lever enables a user to 
feed the nitinol wire through the delivery gun and into the 
nucleus. 

[0106] Referring to FIGS. 29a to 29d, there is a needle or 
cannula 76 positioned at an end of the delivery gun 66 that 
is positioned opposite the retractable lever 68 (shown in 
FIG. 28). Two types of needles are shown, namely (1) an 
end port needle shown in FIGS. 29a and 29b where, a notch 
is located at the top or bottom of the needle, and (2) a side 
port needle shown in FIGS. 29c and 29d where the notch is 
located at the side of the needle. Both types of needles share 
the same general construction and are referred to as the 
needle 76. The needle 76 is adapted for insertion into the 
nucleus and allows the nitinol wire 74 to pass therethrough. 
All of the needles may or may not be Teflon lined. 

[0107] As shown in FIGS. 29a to 29d, the needle 76 
includes a cutting edge or blade 78 that severs the nitinol 
wire 74 after the desired amount of nitinol wire has been 
inserted into the nucleus. The nitinol wire feeds smoothly 
through the needle into the nucleus until the direction is 
reversed. As shown in FIGS. 29a and 296, when the 
direction of the nitinol wire is reversed, the wire is drawn 
into the blade, wherein it is notched, then sheared by the pull 
force. The needle 76 can comprise an outer needle 80 having 
a cut out 82 that draws the nitinol wire 74 back into the 
cutting edge. Further, as shown in FIGS. 29c and 29d, wire 
may be cut by a side cutting guillotine type cutter. In such 
a configuration, the wire shape memory alloy exits from a 
side port at the end of the needle. This will require special 



beveling of the needle within the cavity of the needle to 
allow the wire, or whatever the device shape is, to exit 
properly. 

[0108] Additionally, the end of the shape memory wire or 
cable may or may not have a closed loop at each end. The 
advantage of having a closed loop, if present, is that no sharp 
ends are available for potential penetration into annular 
tissue and potential migration from the nucleus center into 
the edge of annulus. The implant may be configured such 
that closed loops form at the ends of the wire after expansion 
or transition of the implant. 

[0109] The delivery gun transforms the coiled wire of the 
shape memory device to a straight wire as it passes through 
the delivery gun and needle to exit from the tip of the needle 
into the center of the nucleus. There, the wire recoils into the 
predetermined shape. The implant may go into the nucleus 
randomly or in a certain pattern (reproducible). Moreover, 
the nuclear restoring implant may go into a nucleus that has 
not been removed or, alternatively, some nucleus may 
require removal to create a small cavity for the implant. 

[0110] Additionally, the delivery gun used to insert the 
wire may or may not have a replaceable cartridge filled with 
the preset coiled wire or pre -shaped memory implant, and 
may be powered or manual. Also, the wire can be loaded into 
the delivery gun and then cut to length by the gun, or can be 
first cut to length then loaded into the delivery gun. 

[0111] Another embodiment of a suitable delivery gun is 
shown in FIGS. 30a and 306. Any of the features discussed 
above with respect to the delivery gun can be incorporated 
into this delivery gun as well, and some of the same 
reference numerals will be used to indicate similar compo- 
nents. FIG. 30a shows a delivery gun 80 having two 
separate portions that attach to form the single delivery gun 
80 shown in FIG. 306. The delivery gun 80 comprises a 
body 82 and a replaceable cartridge 84 that attaches to the 
body. The replaceable cartridge 84 is a housing for the 
nitinol wire 74, or any other suitable implant material being 
used for nuclear repair. Further, the replaceable cartridge 
mounts to the body to allow the user of the delivery gun to 
insert the needle 76 into the nuclear and then deliver the 
nitinol wire 74 through the needle into the nucleus. 

[0112] With the delivery gun 80, the user controls the 
insertion and delivery of the nitinol wire by activating a 
trigger 86 and a clasp 88. The trigger 86 is compressed by 
the user to cause the nitinol wire to be dispensed through the 
cartridge 84 and needle 76 and into the nucleus. The clasp 
88 is compressed to sever the nitinol wire at the needle tip. 
The structure of the needle cutting edge can be similar to 
those discussed above. When the cartridge 84 runs out of 
implant material, a new cartridge can be attached to the body 
of the delivery gun. 

[0113] As shown in FIG. 276, the wire or cable may or not 
be deployed into a bag or container made of Gore-Tex, 
polypropylene or some other material to contain it into the 
nucleus. The bag can be inserted into the nucleus by an 
suitable delivery device, and then the flexible bag is filled 
with a wire, coil, or other suitable material for expanding the 
nucleus. 

[0114] FIG. 31 shows another embodiment of the present 
invention, particularly microcellular spheres wherein a 
microcellular elastomer is filled with gas bubbles. This 
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allows for compressibility. The spherical shape allows for 
movement and self equalization of the filler. This concept 
could be for partial or complete nucleus replacement. 

[0115] Treatment of Cancellous Bone Fractures 

[0116] The present invention also can be used in different 
areas of the human body, including areas of cancellous bone 
fractures. These occur in multiple areas of the body includ- 
ing the distal radius, the plateau of the tibia adjacent to the 
knee joint, which generally results in collapse and distortion 
of the joint space or cancellous fracture of the heel. Other 
fractures amenable to the present implants include fractures 
in the thoracic or lumbar spine. The present implants can be 
inserted into such fractures and expand to fill the defect and 
reconstruct alignment. 

[0117] The implant can be an SMA requiring activation 
(i.e. temperature or electrical) or can be a superelastic SMA 
or other suitable material. The implant is compressed into a 
very small volume for delivery into the fracture void, either 
directly or by cannula percutaneously, and then expands to 
fill the void. Just as with the implants for annular defects and 
nuclear repair, the implants for treatment of bone fractures 
can be made to any necessary shape and/or size. 

[0118] Simple bone graft added to these sites for more 
successful healing would also be appropriate, either autog- 
enous (from the patient) or cadaveric (from bone bank). 
Bone cement, such as methyl methacrylate or other synthetic 
polymers, can also be used. 

[0119] As a result of the present implants, the common 
collapse seen in the healing process due to the soft spongy 
bone not having structural integrity can be avoided. Thus, 
significant shortening of the fracture and change of align- 
ment of the joint and of the fracture can be avoided, and 
more successful healing results. This includes a better reduc- 
tion of the fracture and better maintenance of the reduction 
as the fracture heals. Thus, the present implants successfully 
overcome the problems associated with known treatments 
for such fractures. 

[0120] Each of the implants described with respect to 
annular repair, nuclear repair, and fracture repair may or may 
not be coated with titanium oxide or some other coating, 
potentially hydrophilic, to reduce wear debris. In fact, the 
implant may actually be coated with one or both of these 
coatings in order to reduce the likelihood of wear debris. 

[0121] In addition to the specific features and embodi- 
ments described above, it is understood that the present 
invention includes all equivalents to the structures and 
features described herein, and is not to be limited to the 
disclosed embodiments. For example, the size, shape, and 
materials used to construct each of the implants can be 
varied depending on the specific application, as can the 
methods and devices used to insert them into the patient. 
Additionally, individuals skilled in the art to which the 
present expandable implants pertain will understand that 
variations and modifications to the embodiments described 
can be used beneficially without departing from the scope of 
the invention. 

1. An expandable implant for intervertebral disc repair 
comprising: 

a compressed form having a size adapted for insertion into 
a defect in the intervertebral disc; 



a composition that allows the implant to expand from the 
compressed form into an expanded form after the 
implant is inserted into the defect; and 

the expanded form having a configuration that fills the 
defect in the disc. 

2. The expandable implant of claim 1 wherein the com- 
position of the expandable implant comprises a shape 
memory alloy, wherein the expandable implant restores 
flexibility and provides support to residual intervertebral 
disc structure, and does not result in a fusion of interverte- 
bral disc segments. 

3. The expandable implant of claim 1 wherein the defect 
is an annular defect in an annular portion of the disc. 

4. The expandable implant of claim 2 wherein the com- 
pressed form is a non-memory shape that is retained until the 
implant is activated by temperature or electrical current, 
such that activation transforms the expandable implant to a 
predetermined memory shape that defines the expanded 
form. 

5. The expandable implant of claim 4 wherein the shape 
memory alloy is nitinol. 

6. The expandable implant of claim 3 wherein the com- 
position of the expandable implant is a superelastic shape 
memory alloy that changes from the compressed form to the 
expanded form automatically after the expandable implant is 
inserted into the annular defect. 

7. The expandable implant of claim 1 wherein the defect 
is a nucleus of the disc, wherein a portion of the nucleus has 
ruptured through an annulus of the disc and has been 
surgically removed. 

8. The expandable implant of claim 7 wherein the expand- 
able implant is inserted into the nucleus in the compressed 
state and after the expandable implant has expanded to the 
expanded form the defect in the nucleus is filled. 

9. The expandable implant of claim 8 wherein the com- 
position of the expandable implant comprises a shape 
memory alloy. 

10. The expandable implant of claim 9 wherein the 
compressed form is a non-memory shape that is retained 
until the implant is activated by temperature or electrical 
current, such that activation transforms the expandable 
implant to a predetermined memory shape that defines the 
expanded form. 

11. The expandable implant of claim 10 wherein the shape 
memory alloy is nitinol. 

12. The expandable implant of claim 8 wherein the 
composition of the expandable implant is a superelastic 
shape memory alloy that changes from the compressed form 
to the expanded form automatically after the expandable 
implant is inserted into the annular defect. 

13. The expandable implant of claim 7 wherein the 
expandable implant is a shape memory alloy that enters the 
nucleus in the compressed form having a straight wire 
construction, and after insertion of the expandable implant is 
complete the straight wire construction transforms to a coil 
construction that defines the expanded form. 

14. An expandable implant for treatment of an annular 
defect in an intervertebral disc comprising: 

a body adapted for insertion into the annular defect; 

the body adapted to radially expand to fill the annular 
defect; and 

means for retaining the body within the annular defect. 
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15. The expandable implant of claim 14 wherein the 
means for retaining the expandable implant is selected from 
the group consisting of retention legs, barbs, and retention 
legs and barbs together. 

16. The expandable implant of claim 15 wherein the 
retention legs and barbs are each adapted to at least partially 
penetrate annular tissue that defines the annular defect, such 
that the expandable implant is prevented from migration 
from its inserted location. 

17. The expandable implant of claim 14 wherein the 
expandable implant is made of a shape memory alloy, 
wherein the expandable implant restores flexibility and 
provides support to residual annulus structure, and does not 
result in a fusion of intervertebral disc segments. 

18. The expandable implant of claim 17 wherein the body 
is inserted into the annular defect in a compressed, non- 
memory shape. 

19. The expandable implant of claim 18 wherein the 
compressed, non-memory shape transforms to an expanded, 
predetermined memory shape after the expandable implant 
has been inserted into the annular defect. 

20. The expandable implant of claim 14 wherein the 
expandable implant is made of a superelastic shape memory 
alloy that changes from a compressed form to an expanded 
form automatically after the expandable implant is inserted 
into the annular defect. 

21. An expandable implant for nuclear repair of an 
intervertebral disc comprising: 

a pre-insertion shape adapted for insertion into a nucleus 
of the intervertebral disc; 

a composition that allows the pre-insertion shape to be 
transformed to a post-insertion shape after the expand- 
able implant is inserted into the nucleus; and 

the post- insertion shape defining a larger volume than the 
pre-insertion shape, such that the expandable implant 
fills the nucleus. 

22. The expandable implant of claim 21 wherein the 
composition comprises a shape memory alloy, wherein the 
expandable implant restores flexibility and provides support 
to residual nucleus structure, and does not result in a fusion 
of intervertebral disc segments. 

23. The expandable implant of claim 22 wherein the 
expandable implant is inserted by a delivery device into the 
nucleus. 

24. The expandable implant of claim 23 wherein the 
delivery device comprises a needle adapted to transport the 
expandable implant into the nucleus. 

25. The expandable implant of claim 24 wherein the 
expandable implant is a nitinol wire that passes through the 
needle in a non-coiled shape. 

26. The expandable implant of claim 25 wherein the 
delivery device further comprises means for controlling the 
amount of nitinol wire passing through the needle into the 
nucleus and for cutting the nitinol wire to separate the nitinol 
wire from the delivery device. 

27. The expandable implant of claim 26 wherein the 
nitinol wire inserted within the nucleus transforms to a 
coiled shape that defines the post-insertion shape of the 
expandable implant. 

28. The expandable implant of claim 27 wherein the 
expandable implant restores the height and elasticity of the 
nucleus. 



29. A shape memory alloy implant for treatment of 
cancellous bone fractures comprising: 

a compressed form adapted for insertion into areas of 
cancellous bone fractures; and 

an expanded form that results from insertion of the 
compressed form into the cancellous bone fracture, 
wherein the expanded form fills in the cancellous bone 
fracture. 

30. The shape memory alloy implant of claim 29 wherein 
the cancellous bone fractures comprises distal radius frac- 
tures, tibial plateau fractures, and calcaneous fractures. 

31. A delivery device for inserting an implant into an 
intervertebral disc comprising: 

means for retaining the implant within the device while 
the device is positioned into the intervertebral disc; and 

means for controllably releasing the implant into the 
intervertebral disc. 

32. The delivery device of claim 31 being adapted for 
inserting the implant into an annular defect in the interver- 
tebral disc, and the means for retaining the implant com- 
prises an inner rod to which the implant has been adjoined 
and an outer rod that is positioned over the inner rod until the 
implant is released. 

33. The delivery device of claim 32 wherein the implant 
is retained in a compressed form by the inner rod until the 
implant is release from the device, at which point the 
implant transforms to an expanded form. 

34. The delivery device of claim 32 wherein the means for 
controllably releasing the implant comprises one or more 
knobs that retract the inner rod and outer rod. 

35. The delivery device of claim 31 being adapted for 
inserting an implant into a nucleus of the intervertebral disc, 
and the means for retaining the implant comprises a chamber 
and a needle, wherein the implant is passed through the 
chamber into the needle and into the intervertebral disc. 

36. The delivery device of claim 36 wherein the chamber 
retains a predetermined amount of the implant. 

37. The delivery device of claim 36 wherein the means for 
controllably releasing the implant comprises an activation 
trigger that feeds the implant through the chamber and 
needle. 

38. The delivery device of claim 37 wherein the means for 
controllably releasing the implant further comprises a clasp 
that activates a cutting edge within the needle that severs the 
implant being fed therethrough. 

39. The delivery device of claim 38 wherein the means for 
retaining the implant and the means for controllably releas- 
ing the implant are positioned into two separate portions of 
the delivery device that are designed to cooperatively 
engage. 

40. A method of inserting an implant into an intervertebral 
disc comprising: 

loading the implant into a delivery device adapted for 
insertion into the intervertebral disc, wherein the 
implant is in a compressed form; 

inserting the delivery device into the intervertebral disc; 
and 

releasing the implant from the delivery device into the 
intervertebral disc, wherein the implant transforms 
from the compressed form to an expanded form 
designed to repair the intervertebral disc. 
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(57) ABSTRACT 

Expandable implants for repair of a defect in an interverte- 
bral disc or in a cancellous bone fracture, and methods and 
apparatuses for delivering the same into the defect. The 
implants [generally comprise a compressed form having a 
size adapted for insertion into the defect, and a composition 
that allows the implant to expand from the compressed form 
into an expanded form after the implant is inserted into the 
defect. The expanded form of the implant has a configura- 
tion that fills the defect. The composition used to make the 
implant can include a shape memory alloy (SMA), Elast- 
hane™ polyetherurethane, or any other suitable material. 
Further, multiple implants can be used to repair a single 
defect. The implants can be inserted into the defect by 
various types of insertion devices, including a needle that 
provides for percutaneous delivery. 
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EXPANDABLE IMPLANT FOR PARTIAL DISC 
REPLACEMENT AND REINFORCEMENT OF A 
DISC PARTIALLY REMOVED IN A DISCECTOMY 
AND FOR REDUCTION AND MAINTENANCE OF 

ALIGNMENT OF CANCELLOUS BONE 
FRACTURES AND METHODS AND APPARATUSES 
FOR SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of U.S. 
patent application Ser. No. 10/229,949, filed on Aug. 27, 
2002, which claims the benefit of U.S. Provisional Appli- 
cation No. 60/315,268 filed on Aug. 27, 2001. 

FIELD OF THE INVENTION 

[0002] The present invention relates to expandable 
implants for partial disc replacement and repair of cancel- 
lous bone fractures, and more specifically, to expandable 
implants and methods for delivering the same that can be 
used to repair annular and nuclear defects in a disc, as well 
as repairing various types of cancellous bone fractures. 

BACKGROUND OF THE INVENTION 

[0003] A lumbar intervertebral disc comprises a mechani- 
cal and flexible component to the spine to allow better 
support of the vertebral body and the spinal column. The 
disc is made of two components, an annulus and a nucleus. 
The annulus is the outer structure and is composed of 
multiple layers of collagen fibers. Each fiber is uniquely 
oriented at 30 degrees to the adjacent fiber. When intact the 
annulus can support pressures of up to 100-120 lbs per 
square inch. The nucleus is the inner structure and is 
composed of a different collagen, which is largely water and 
in a gelatinous form. The nucleus is held under pressure in 
the center of the intact disc by the intact annulus. (See FIGS. 
la & 16). Unfortunately, the annulus is prone to tears and 
traumatic events. When a tear occurs from the periphery of 
the annulus to the center of the nucleus, this comprises a 
radial annular tear. This will allow the nucleus to rupture 
through the annular tear into and towards the spinal canal 
(see FIGS. 2a & 2b). This ruptured nucleus material puts 
pressure on the neural and ligamentous structures causing 
back pain and often pain down the posterior aspect of the 
buttock and leg. This particular symptom is named sciatica. 

[0004] Conservative treatment is often performed. How- 
ever, when conservative treatment fails and pain is intrac- 
table or neurologic deficit exists, surgery is performed. In 
this particular surgery, a small opening (a laminotomy) is 
made in the back of the spinal bone structure to allow access 
to the spinal canal. The nerve root and thecal sac are gently 
retracted and the hernia identified. The hernia is essentially 
removed with micro surgical tools and instruments. A defect 
is left in the annulus. Nothing is placed in the annular defect. 
(See FIGS. 3a & 3b). The surgeon depends upon a fibro- 
blastic response to repair the defect with scar tissue. 

[0005] However, the vascularity of the adult intervertebral 
disc is poor. The disc is the largest avascular structure in the 
human body next to the cornea of the eye. As a result, 
healing with scar tissue is very fragile, if it occurs at all, and 
often, over a period of years, further degeneration of the 
annular and nuclear structures occurs. The disc space nar- 



rows as a result of this progressive degenerative phenomena 
and this causes new problems such as root compression in 
the exit zone of the spinal canal. This area is known as the 
foramen. This may result in the patient having increased or 
recurrent symptoms, and a subsequent surgical fusion may 
be required for the patient. The statistics vary for the number 
of patients who have laminectomy and discectomy and 
subsequently require fusion. They may be as high as 70% 
over a ten year period. 

[0006] In addition to the problems that exist with the 
repair of annular defects, the same obstacles have been 
present with respect to nuclear defects. Because the nucleus 
often ruptures through tears in the annulus, there often is an 
inadequate amount of residual nucleus for the disc to pro- 
vide its weight bearing support and compression functions. 
As a result, there exists a need for an implant that can be 
inserted into the nucleus to simulate the function and struc- 
ture of the original nucleus. 

[0007] Furthermore, conditions similar to those present in 
a damaged disc exist in other parts of the human body. 
Particularly, areas where cancellous bone fractures occur 
have been difficult to adequately repair. For example, areas 
such as the distal radius and the plateau of the tibia adjacent 
to the knee often suffer cancellous fractures and result in 
further complications such as a collapse and alteration of 
alignment of joints. Also, fractures in areas such as the 
thoracic or lumbar spine are common, particularly in elderly 
patients who suffer from weak osteoporotic bones. Known 
treatments for many of these types of fractures have been 
largely inadequate. For example, some treatments have 
included injection of liquid bone cement (vertebroplasty) 
into the fracture, insertion of a prosthetic balloon (kyphop- 
lasty) that is inflated to create a cavity where cement can be 
subsequently injected. Overall, the known techniques have 
been inadequate to reliably fill the void of the fracture, and 
at the same time reinforce the fracture and support its 
realignment/reduction. 

[0008] Accordingly, there exists a need for devices and 
methods for treating damaged discs and bone fractures that 
overcome the problems and inadequacies of treatments 
currently available. Particularly, there is a need for expand- 
able implants that effectively repair annular defects, nuclear 
defects, and cancellous bone fractures. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to expandable 
implants for intervertebral disc repair, and methods and 
apparatuses for delivering the same into the disc. The 
present implants can also be used for repair of bone frac- 
tures. The implants generally comprise a compressed form 
having a size adapted for insertion into a defect in the 
intervertebral disc, and a composition that allows the 
implant to expand from the compressed form into an 
expanded form after the implant is inserted into the defect. 
The expanded form of the implant has a configuration that 
fills the defect in the disc. The defect in the disc can be an 
annular defect that resulted from repair of a herniation of the 
disc, or a nucleus that needs to be repaired. The composition 
used to make the implant can comprise a shape memory 
alloy (SMA) or any other suitable material. 

[0010] When the implant is made from an SMA, the 
compressed form is a non-memory shape that is retained 
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until the implant is activated by temperature or electrical 
current, such that activation transforms the expandable 
implant to a predetermined memory shape that defines the 
expanded form. 

[0011] Various devices can be used to insert the present 
implants into the area being treated. The devices are adapted 
to retain the implant while the device is inserted into the 
intervertebral disc, and to controllably release the implant 
therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. la shows an axial view of a normal disc and 
the spinal cord; 

[0013] FIG. 16 shows a side view of a normal disc and the 
spinal cord; 

[0014] FIG. 2a shows an axial view of a ruptured disc 
putting pressure on the spinal cord; 

[0015] FIG. 26 shows a side view of a ruptured disc 
putting pressure on the spinal cord; 

[0016] FIG. 3a shows an axial view of the ruptured disc 
of FIG. 2a after the herniation has been removed and an 
annular defect remains; 

[0017] FIG. 3b shows a side view of the ruptured disc of 
FIG. 2b after the herniation has been removed and an 
annular defect remains; 

[0018] FIG. 4a shows an implant for treatment of an 
annular defect, the implant having a "figure eight" configu- 
ration; 

[0019] FIG. 4b shows an implant for treatment of an 
annular defect, the implant having a "mushroom" shape 
configuration; 

[0020] FIG. 4c shows an implant for treatment of an 
annular defect, the implant having a "brillopad" wiry shape; 

[0021] FIG. 5 shows a template that can be used to 
measure an annular defect and simulate various implants; 

[0022] FIG. 6a shows a disc after a hernia has been 
removed and the annular defect is empty; 

[0023] FIG. 6b shows an implant in its unexpanded form 
prior to insertion into the annular defect; 

[0024] FIG. 6c shows the implant of FIG. 6b inserted into 
the annular defect of FIG. 6a, wherein the implant is in its 
expanded form; 

[0025] FIG. 7 shows a forcep-like device for inserting an 
implant into an annular defect; 

[0026] FIG. 8a shows an implant having a stent basket 
construction, wherein the implant is disposed over an inser- 
tion device; 

[0027] FIG. 8b shows the stent basket implant fastened to 
the insertion device; 

[0028] FIG. 9 shows a closer view of the stent basket 
implant of FIGS. 8a and 8b; 

[0029] FIG. 10 shows a pair of barbs extending from the 
body of the stent basket implant; 



[0030] FIG. 11a shows an insertion rod device for deliv- 
ery of a stent basket implant into an annular defect; 

[0031] FIG. lib shows loading the stent basket onto the 
insertion rod device; 

[0032] FIG. 11c shows additional steps for loading the 
stent basket onto the insertion rod device; 

[0033] FIG. 12 shows the delivery of the stent basket 
implant into the annular defect; 

[0034] FIG. 13 shows the delivery and release of the stent 
basket implant into the annular defect; 

[0035] FIG. 14 shows another implant for treatment of an 
annular defect, wherein the implant is a stent basket; 

[0036] FIG. 15 shows another implant for treatment of an 
annular defect, wherein the implant is a modified stent 
basket; 

[0037] FIG. 16 shows another implant for treatment of an 
annular defect, wherein the implant is a stent plug; 

[0038] FIG. 17 shows another implant for treatment of an 
annular defect, wherein the implant is a winged plug; 

[0039] FIG. 18 shows another implant for treatment of an 
annular defect, wherein the implant is an inflatable plug; 

[0040] FIG. 19 shows another implant for treatment of an 
annular defect, wherein the implant is a spider staple; 

[0041] FIG. 20 shows another implant for treatment of an 
annular defect, wherein the implant is a ratchet plug; 

[0042] FIG. 21 shows another implant for treatment of an 
annular defect, wherein the implant is a goblet plug; 

[0043] FIG. 22 shows another implant for treatment of an 
annular defect, wherein the implant is a goblet device; 

[0044] FIG. 23 shows another implant for treatment of an 
annular defect, wherein the implant is a goblet wire device; 

[0045] FIG. 24 shows another implant for treatment of an 
annular defect, wherein the implant is a tubular plug; 

[0046] FIG. 25 shows another implant for treatment of an 
annular defect, wherein the implant is a modified tubular 
plug 

[0047] FIG. 26 shows another implant for treatment of an 
annular defect, wherein the implant is a spring barb; 

[0048] FIG. 21a shows an implant for repair of a nucleus, 
wherein the implant is wires packed into the nucleus to form 
a spring pad; 

[0049] FIG. 276 shows an implant for repair of a nucleus, 
wherein the implant is delivered into a flexible bag that was 
inserted into the nucleus; 

[0050] FIG. 28 show a delivery gun for insertion and 
delivery of an implant for treatment of a nucleus; 

[0051] FIG. 29a shows a needle for use with a delivery 
gun for inserting and delivering an implant for treatment of 
a nucleus; 

[0052] FIG. 296 shows the needle of FIG. 29a for use 

with a delivery gun for inserting and delivering an implant 
for treatment of a nucleus; 
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[0053] FIG. 29c shows a needle having a side port for use 
with a delivery gun for inserting and delivering an implant 
for treatment of a nucleus; 

[0054] FIG. 29d shows the needle of FIG. 29c for use 

with a delivery gun for inserting and delivering an implant 
for treatment of a nucleus; 

[0055] FIG. 30a shows a delivery gun for insertion and 
delivery of an implant for treatment of a nucleus, wherein a 
replaceable cartridge and a body are not adjoined; 

[0056] FIG. 30b shows the delivery gun of FIG. 30a, 

wherein the replaceable cartridge and the body are adjoined; 

[0057] FIG. 31 shows an implant for repair of a nucleus, 
wherein the implant is microcellular spheres; 

[0058] FIG. 32 shows an implant for repair of a nucleus, 
wherein the implant is expandable spherical balls; 

[0059] FIG. 33a shows an implant for repair of a nucleus, 
wherein the implant is expandable spherical wire springs; 

[0060] FIG. 33b shows an implant for repair of a nucleus, 
wherein the implant is expandable spherical wire springs 
encapsulated in polymer; 

[0061] FIG. 34 shows an implant for repair of a nucleus, 
wherein the implant is spherical polymer beads; 

[0062] FIG. 35 shows an implant for repair of a nucleus, 
wherein the implant is a pliable pouch, and the pliable pouch 
is shown containing a plurality of the spherical polymer 
beads of FIG. 34. 

[0063] FIG. 36a shows the pliable pouch of FIG. 35 
having a valve with a split septum configuration; and 

[0064] FIG. 36b shows the valve of FIG. 36a in cross- 
section and having a duck-bill configuration. 

DETAILED DESCRIPTION 

[0065] The expandable implants of the present invention 
are suitable for several applications, particularly annular 
and/or nuclear defects in damaged discs and a wide range of 
bone fractures. Several possible configurations can be made 
from a number of different materials. 

[0066] Overview of Suitable Materials 

[0067] The present implants are preferably elastic and 
susceptible to withstanding long term implantation into a 
mammalian body. Examples of suitable materials include 
shape memory alloys (SMAs), superelastic SMAs, nitinol, 
MP35, Elgiloy, spring steel, and any plastic elastic material 
or other material suitable for such implantation. For sim- 
plicity and clarity, many of the embodiments described 
herein are discussed as being made from a SMA, particularly 
nitinol, but it is understood that the benefits and features of 
the present invention are not limited to an SMA or nitinol, 
and can be achieved by using any of other suitable materials. 

[0068] SMAs are materials that have the ability to return 
to a predetermined shape. The return is the result of a change 
of phase or structure that can be triggered by an external 
stimulus such as temperature change or electrical current. 
For example, when one type of SMA is below transforma- 
tion temperature, it has a low yield strength and can be 
deformed into a new shape that it will retain while it is below 
its transformation temperature. However, when the material 



is heated above its transformation temperature, it undergoes 
a change in crystal structure that causes it to return to its 
original shape. If the SMA encounters any resistance during 
this transformation, it can generate extremely large forces. 
Thus, SMAs provide a good mechanism for remote actua- 
tion. One preferred shape memory material is an alloy of 
nickel and titanium called nitinol. Nitinol has desirable 
electrical and mechanical properties, a long fatigue life, high 
corrosion resistance, and has similar properties to residual 
annular tissue and cartilaginous tissues. Other SMAs can 
comprise, for example, alloys of copper, zinc and aluminum 
or copper, aluminum and nickel. For the present invention, 
SMA materials or a hybrid with SMA materials can be used 
to make implants to reconstruct the annular and/or nuclear 
defects after human discectomy surgery, as well as a variety 
of bone fractures experienced throughout the human body. 

[0069] Another type of shape memory alloys are called 
superelastic SMAs, which can be compressed into a small 
shape and upon release automatically expand to a predeter- 
mined shape. Thus, no external activation, such as tempera- 
ture or electrical stimulation, is required. One preferred 
superelastic SMA is superelastic nitinol, which has similar 
properties to the SMA nitinol discussed above, but because 
it is a superelastic SMA does not require activation. The 
superelastic nitinol, or other suitable superelastic SMA, can 
be compressed into a small package, placed into a surgical 
deficit such as an annular or nuclear defect or bone fracture 
and, upon release, expand to a predetermined shape to fill the 
deficit. 

[0070] Another type of material useful for many of the 
various implant devices is polyetherurethane, which is com- 
mercially available under the trade name Elasthane™ by the 
Polymer Technology Group. Elasthane™ polyetherurethane 
is a thermoplastic elastomer formed as the reaction product 
of a polyol, an aromatic diisocyanate, and a low molecular 
weight glycol used as a chain extender. 

[0071] Elasthane™ thermoplastic polyetherure thanes 
have a two-phase micro structure. This includes a hard 
segment and a soft segment. The soft, rubbery polyether 
segments allow the material to stretch many times its 
original length, and then recover to its original dimensions 
after tension is removed. The hard urethane segments form 
very strong crystalline domains that act as physical 
crosslinks, and impart high tensile strength and limit plastic 
flow. Elasthane™ has been used in chronically -implanted 
medical devices. Elasthane™ can be processed using typical 
molding and extruding processes. These properties and 
characteristics of Elasthane™ make it desirable for use with 
the present implant devices. The Elasthane™ can be used as 
a coating that encapsulates the implant devices (e.g., encap- 
sulates a nitinol wire device) or to form a separate implant 
device (e.g., a spherical polymer bead formed from Elast- 
hane™). Thus, while most embodiments will not be 
described as being capable of being formed, at least in part, 
from Elasthane™, it is understood that Elasthane™ is a 
suitable material for most embodiments of this invention. 

[0072] Treatment of Annular Defects or Simultaneous 
Treatment of Annular and Nuclear Defects Post Spinal 
Discectomy 

[0073] The implants of the present invention are advan- 
tageous for treatment of annular defects. The implants can 
be made from materials such as nitinol and are inserted into 
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the annular defect to reinforce the annulus and restore 
elasticity to the disc. FIGS. 1 to 3 illustrate a normal disc, a 
ruptured disc, and a disc that has undergone a discectomy. 

[0074] Referring to FIG. la, an axial view of a normal, 
unruptured disc 10 is shown. The disc 10 comprises an 
annulus 11 surrounding a nucleus 12. The spinal cord or 
nerve 13 is shown in close proximity to the disc, but no 
portion of the disc is putting pressure on the nerve. FIG. lb 
shows a side view of the disc 10 of FIG. la. 

[0075] Referring to FIG. 2a, an axial view of a ruptured, 
herniated disc 10 is shown. The annulus 11 has suffered an 
annular tear 14, which allowed a portion of the nucleus 12 
to rupture through the annulus and put pressure on the nerve 
13 (i.e. sciatica) FIG. 2b shows a side view of the ruptured 
disc 10 of FIG. 2a. 

[0076] Referring to FIG. 3a, an axial view is shown of the 
disc 10 after a partial discectomy has been performed to 
remove the hernia. After the hernia has been removed, the 
annular tear 14 is still present, but rather than having the 
portion of the nucleus ruptured through the annulus 11, there 
remains an annular defect 15, which in effect is an empty 
space. As noted above, the common practice is to leave the 
annular defect 15 empty, and rely on fibroblastic growth and 
scar tissue to fill the defect. FIG. 3b shows a side view of 
the disc 10 of FIG. 3a. 

[0077] The implants of the present invention are used to 
repair the annular defect 15 by filling in the empty space, 
which provides strength and elasticity to the damaged por- 
tion of the annulus and prevents additional portions of the 
nucleus from exiting the disc. As will become evident, a 
wide variety of implants can be used to repair the annular 
defect. 

[0078] With respect to nitinol implants, the fibers may be 
oriented at about 30 degrees to each other to simulate the 
annular structure and anatomy of human discs. While a 30 
degree orientation for nitinol fibers is favorable for simu- 
lating annular anatomy, it is understood that other orienta- 
tion angles can be used to provide sufficient tear strength. 
Because defects in the annulus vary depending on the extent 
of disc herniation and surgical resection, the structure of the 
implant used can be varied and customized. In addition to 
varying the orientation of fibers woven together, the 
implants can include a wide range of combinations of 
textures, solid/semi-solid constructions, and porous sur- 
faces. Furthermore, the implants can be configured to any 
necessary shape, such as a wedge, square, circle, rectangle, 
cone, cylinder, or any combination therefor. FIGS. 4a to 4c 
show a few sample combination shapes of an implant 16 of 
this invention, including a "FIG. 8" configuration (FIG. 4a), 
a "mushroom" shape (FIG. 4b), and a "brillopad" wiry 
shape (FIG. 4c). Each of the implants 16 would be designed 
to fill the specific annular defects 15 present in the disc 10, 
including corresponding to the curvilinear diameter of the 
annulus. 

[0079] After a surgical discectomy is performed, the annu- 
lar defect 15 can be measured with a small template 
designed to simulate various implants. The template is an 
optional device that can be used to measure the size of the 
annular defect to choose the implant. Referring to FIG. 5, a 
template 18 can generally comprise a handle 20 with a 
template head 22. The template head 22 can be any an shape 



and size, and is designed to insert into the annular defect to 
determine the appropriate size and shape of the implant 16. 
The template head can be either permanently or removably 
adjoined to the handle. 

[0080] When the implant is made from an SMA such as 
nitinol, the implant is activated by temperature change or 
electrical current to cause the implant to expand to its 
memory shape. For instance, at room temperature the 
implant may be in its martensite form (more deform able, 
lower temperature phase) However, when the nitinol implant 
is inserted into position, the temperature of the body will 
naturally heat up the nitinol causing it to transform to its 
austenite form (more rigid, higher temperature phase) . The 
nitinol implant will expand to fill the defect and reinforce the 
damaged annulus. Based on the various percentages of 
materials in the implant, the transformation temperature of 
the implant can be predetermined. The transformation tem- 
perature should be high enough so that the implant will 
remain in the martensite form outside of the body and will 
not be reduced to its martensite form by the body tempera- 
ture surrounding the implant after insertion. In the case of 
the implant being made from a superelastic SMA, activation 
is not necessary and expansion occurs upon the release of the 
material to the new area. 

[0081] The implants can also have adjustable percentages 
of enlargement depending on the size of the defect. Degree 
of enlargement can be adjusted by selection of a particular 
alloy combination or ratio. For example, excess nickel (up to 
1%) strongly depresses the transformation temperature and 
increases the yield strength of the austenite form. Also, iron 
and chromium can be used to lower the transformation 
temperature, and copper can be used to decrease hysteresis 
and lower the deformation stress of the martensite form. 

[0082] The implants used for treatment of annular defects 
reinforce the damaged corner of the disc and the annulus. It 
also acts as a scaffold to promote fibrous ingrowth, by 
allowing the structure of scar tissue to occur on a more 
sophisticated basis. It also reduces the asymmetrical col- 
lapse that can occur because of the resection of the disc on 
the posterior longitudinal corner that results from the trauma 
of injury and/or surgery. Herniations more often than not 
occur on the left or right side, because the posterior longi- 
tudinal ligament reinforces the central portion of the disc. 
The implant may serve to reduce the degenerative phenom- 
ena common to discectomy treatment and potentially reduce 
the number of patients requiring secondary fusion surgery. 
By immediately strengthening the annular defect, improved 
post operative recovery may result as well. 

[0083] The implants can be designed to expand into the 
fibrous tissue of the annulus and up to the edge of the 
nucleus, or slightly into the nucleus, and lodge themselves 
successfully into the residual disc tissue. Residual disc tissue 
is present because the surgeon only removes, in general, the 
portion of the disc that is protruding or ruptured. Generally, 
anywhere from 50-80% of the residual disc tissue is still 
present after surgery. This ability to lodge upon expansion 
into the residual disc tissue prevents the device from being 
displaced by normal post-operative activities, such as stand- 
ing, walking, bending or twisting. It is not intended to act as 
a fusion device and, therefore, does not result in bone 
growth. On the other hand, the device is designed to promote 
fibrous tissue ingrowth and reinforces the weakened area of 
the annulus with its mechanical structure. 
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[0084] Modifications such as placing a collagen type coat- 
ing or a bio-material onto or into the device to promote 
annular reconstruction and fibroblastic ingrowth can also be 
appropriate. A carrier for autologous chondrocyte cells can 
also be provided to promote regrowth of disc tissue and aid 
in the repair of the disc. Synthetics that are known to be 
biocompatible, such as Gortex™ or Teflon™, or other 
materials, can be applied or interwoven into the nitinol 
implant to reduce or prevent contact of the implant with 
neurologic tissue (present on the posterior aspect of the 
implant) or on the inner circumference of the implant 
adjacent to the nucleus. 

[0085] As is apparent from the discussion above, the 
implants 16 of the present invention can vary widely 
depending on the particular application. To further illustrate 
the structural aspects of the implants, example embodiments 
will be discussed in greater detail. These embodiments are 
only illustrative of the inventive concepts and are not 
intended to limit the scope of the claims recited herein. 

[0086] Referring to FIGS. 6a to 6c, the ruptured disc 10 
is shown before and after insertion of the implant 16. More 
specifically, FIG. 6a shows the disc 10 after the hernia has 
been removed and with the annular defect 15 empty. FIG. 6b 
shows the implant 16 in its unexpanded form prior to 
insertion into the annular defect. FIG. 6c shows the annular 
defect 15 with the implant 16 inserted therein, and the 
implant 16 fully expanded to its memory form. The implant 
16 prevents the residual nucleus 12 from further rupture 
through the annulus 11. It is understood that the implant 16 
could be an SMA, a superelastic SMA, or any other suitable 
material, that changes from an unexpanded to expanded 
form either automatically upon release into the annular 
defect or by some form of activation. 

[0087] The implant can be inserted into the annular defect 
by a wide range of implantation devices that are suitable for 
grasping the implant 16 and precisely positioning the 
implant within the annular defect. FIG. 7 shows a basic, 
forcep-like implantation device 24 comprising a body 26 
having a pair of arms 28 extending outward. The arms are 
movable with respect to the body, which allows the surgeon 
to directly control release of the implant. 

[0088] FIGS. 8a, 8b, and 9 show another embodiment of 
the present implant for treatment of annular defects. Here, 
the implant is a stent basket 30. The stent basket 30 in FIG. 
8a is shown disposed over an insertion rod that is used to 
insert the stent basket into the annular defect. The stent 
basket 30 generally comprises a body 32, having a distal end 
34 and a proximal end 36 opposite the distal end. The distal 
end 34 further comprises four expandable retention legs 38. 
The retention legs 38 are designed to engage the annulus 
along the portion of the annulus defining the annular defect, 
such that the stent basket is fixedly engaged within the 
annular defect. Body 32 has a generally cylindrical shape 
and is hollow between the distal end and proximal end. This 
construction allows the body 32 to be radially compressed 
prior to insertion into the annular defect, and then be radially 
expanded after insertion. The body is shown having a 
non-solid exterior surface, such that radial expansion of the 
body allows portions of the body to extend outward. More 
specifically, the body 32 comprises a plurality of barbs 40 
that help secure the stent basket to the annulus. 

[0089] Referring to FIG. 9, the stent basket 30 is shown 
with the retention legs 38 substantially expanded, while the 



body 32 is not fully radially expanded. When the body 32 is 
not fully expanded, the barbs 40 are in uniform orientation 
with the rest of the body such that a relatively smooth 
surface is defined by the body. FIG. 10 shows a close-up 
view of a portion of the stent body 32 after the body has 
radially expanded. In this expanded form, the barbs 40 
extend outward from the body at specified angles, such that 
the barbs 40 can penetrate part way into the annulus to 
secure the stent basket and prevent the stent basket from 
entering or exiting the annular defect. The barbs shown in 
FIG. 10 are oriented in opposite directions to one another to 
provide a more secure engagement with the annulus and 
prevent posterior and anterior migration. The stent basket 30 
further comprises a plurality of retention arms 42 at the 
proximal end 36. The retention arms 42 are designed to be 
engaged by the insertion device that is used to insert the 
implant into the annular defect. 

[0090] The stent basket 30 is preferably made of nitinol or 
superelastic nitinol. As with the implants 16 discussed 
above, however, the stent basket 30 can be made from any 
other suitable material. The structure of the stent basket in its 
unexpanded and expanded forms is more fully shown by the 
delivery system/method used to insert the stent basket into 
the annular defect. 

[0091] The delivery and insertion of the stent basket is 
preferably carried out by a multi-component insertion rod 
device. Referring to FIGS. 8a and 8b, a portion of an 
insertion rod device 44 is shown, wherein the stent basket 30 
is positioned thereon. More specifically, the stent basket is 
positioned on an inner rod portion 46 of the insertion rod 
device 44. The insertion rod device 44 further comprises a 
holding sleeve 48, which is positioned, adjacent the proximal 
end 36 of the stent basket. The holding sleeve 48 is designed 
for engaging the retention arms 42 of the stent basket by 
being fastened to the retention arms by a suture material 50. 
FIG. 86 shows the holding sleeve 48 adjoined to the 
fastening arms 42 by the suture material 50. FIGS. 8a and 
8b illustrate the first two steps of preparing the stent basket 
30 for delivery into the annular defect, namely placing the 
stent basket over the inner rod portion 46 and threading the 
suture material 50 to fasten the holding sleeve 50 to the 
retention arms 42. 

[0092] FIGS. 11a to 11c show the entire assembly of the 
insertion rod device 44, and illustrate how the stent basket 
30 is loaded thereon. Referring to FIG. 11a, the stent basket 
30 is positioned within the insertion rod device for delivery 
into the annular defect. The insertion rod device 44 further 
comprises a leg control knob 52, which is secured to the 
inner rod portion 46. The stent basket 30 is positioned over 
the inner rod portion 46, and advancement of the leg control 
knob 52 functions to release the stent retention legs 38. The 
stent retention legs 38 are in their unexpanded form prior to 
delivery. The insertion rod device 44 further comprises an 
outer tube 54 that is positioned over the inner rod portion 46 
and the holding sleeve 48. The outer tube 54 is secured to a 
stent constraint knob 56. The stent constraint knob 56 is 
positioned between the outer tube 54 and a handle 58. 
Retracting the stent constraint knob 56 causes the stent 
basket 30 to expand radially. 

[0093] Referring to FIG. lib, the loading of the stent 
basket 30 onto the insertion rod device 44 is shown. The 
loading process uses a loading device 60, which changes the 
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position of the stent basket 30 from the position shown in 
FIGS. 8a and 86, to the position shown in FIGS. 11a and 
116. More specifically, in FIGS. 8a and 8b the reinforce- 
ment legs 38 are shown in an expanded position, whereas in 
FIGS. 11a and 116 the reinforcement legs are flattened to a 
compressed form where the legs are substantially linear. The 
loading device 60 is positioned over the insertion rod device 
and the stent basket and is engaged to compress the stent 
basket. By tightening a plurality of loading screws 62 on the 
loading fixture 60, the stent retention legs are deflected. At 
that point, retracting the inner rod 46 serves to capture the 
stent retention legs within grooves in the inner rod, and the 
loading screws are loosened. FIG. 11c illustrates the final 
steps for loading the stent basket onto the insertion rod 
device to prepare for delivery into the annular defect. More 
specifically, after the step of loosening the loading screws 
62, the outer tube 54 and stent constraint knob 56 are 
positioned over the stent basket and into the loading fixture 
62. The inner rod 46 is then retracted and holding sleeve 48 
and stent basket 30 are positioned into outer tube 54. The 
stent basket 30 is then prepared for delivery into the annular 
defect by the insertion rod device. 

[0094] Referring to FIGS. 12 and 13, in conjunction with 
FIGS. 9 to 11, the delivery/insertion of the stent basket 30 
into the annular defect 15 comprises the steps of first 
positioning the insertion rod device 44 into the annular 
defect 15. Next, the outer tube 54 is retracted such that the 
stent basket 30 expands radially. Next, referring to FIG. 13, 
the inner rod 46 is retracted, which assures that the stent 
retention legs 38 are deployed. At this point, the stent basket 
is positioned within the annular defect 15 and is engaged 
within the annulus. Next, the suture material 50 is severed, 
which releases the retaining arms 42 from the holding sleeve 
48. The insertion rod device 44 is then removed from the 
patient's body and the stent basket is fully inserted into the 
annular defect. 

[0095] The stent basket 30 provides repair to the annular 
defect by filling the empty space and by providing strength 
to the damaged portion of the annulus. Further, the stent 
basket prevents the nucleus from rupturing through the 
annulus and prevents collapse and damage to the annulus 
and disc. 

[0096] In addition to specific embodiments discussed 
above in detail, there are several other possible configura- 
tions for the present implant device. Below is a brief 
description of additional sample embodiments of implant 
devices of this invention that can be used for the repair of 
annular defects. Specifically, an additional thirteen configu- 
rations are shown in FIGS. 14 to 26. The same general 
concepts and principles discussed above are equally appli- 
cable to the embodiments shown in FIGS. 14 to 26. Accord- 
ingly, these embodiments will only be described generally 
with reference to the drawings, which in conjunction with 
the above -provided description provide sufficient disclosure 
to enable one of ordinary skill in the art to benefit and 
practice each of the embodiments without undue experimen- 
tation. 

[0097] FIG. 14 shows another embodiment of the present 
invention, particularly a stent basket wherein a stent-like 
structure is delivered in a compressed state. A fibroelastic 
plug may or may not be inserted into the opening in the stent 
basket. Upon expansion, the hole in the annulus is filled and 



the locking legs lay against the inside wall. Barbs penetrate 
part way into the annulus and secure the device from 
dislodging into the nucleus. There are additional barbs from 
the mid-portion of the stent basket that go in the opposite 
direction to prevent the stent basket from going into the 
center of the nucleus. The basket may or may not have an 
opening that would provide a scaffold or for fibroblastic 
tissue repair. 

[0098] It is understood that the implants of this invention 
are designed to accommodate changes that occur in the 
intervertebral discs to which they are inserted. An interver- 
tebral disc, by its nature, undergoes expansion and contrac- 
tion as a person moves in certain positions. The implants are 
designed to help a damaged disc having one or more of the 
implants inserted therein perform its original function. For 
example, if a patient's annular defect and/or nucleus 
enlarges when moving in a specific position, then the 
implant(s) would also expand to retain the contact of the 
implant(s) with the annular defect and/or nucleus, and thus 
mimic the annulus and/or nucleus. Similarly, if the annular 
defect and/or nucleus contracts, the implant(s) will contract 
to respond in the same manner as the residual annulus and/or 
nucleus. It is also understood that more than one implant can 
be used in a single intervertebral disc (i.e. a separate implant 
for the annular defect and nucleus). 

[0099] With the stent basket of FIG. 14, as well as other 
embodiments of the present implant device, a T-handle 
inserter can be used for inserting the implant device. A tube 
(or sleeve) would fit over the implant. Once the stent basket 
was inserted into the annular defect, the tube (or sleeve) 
would be pulled back. As the threaded connection is still 
present, the device and sleeve now expands and the surgeon 
can gently pull back and rest the expanded device with barbs 
(optional) into the annulus. Next, the T-handle is unscrewed 
and then a tube would be inserted through the stent basket 
(optional) and the uncoiled portion delivered to fill the 
annular defect. 

[0100] FIG. 15 shows another embodiment of the present 
invention, particularly an alternative stent basket which is 
similar to the stent basket in FIG. 14, however, it has a more 
flexible appearance, has thinner legs and barbs, and the 
barbs on the OD of the basket provide further fixation. 

[0101] FIG. 16 shows another embodiment of the present 
invention, particularly a stent plug wherein a stent-like 
structure is delivered in a compressed state. Upon expan- 
sion, the hole in the annulus is filled and the locking legs lay 
against the inside and outside walls. Barbs may be provided 
to penetrate part way into the annulus and secure the opening 
from further expansion. 

[0102] FIG. 17 shows another embodiment of the present 
invention, particularly a winged plug wherein a plug has 
rigid wings on the outside and moveable wings on the inside. 
The internal wings are locked in position by a sliding insert. 
When in position, the wings are locked by insertion of the 
pin. Sutures or barbs on the wings could further secure the 
device and the annulus opening. 

[0103] FIG. 18 shows another embodiment of the present 
invention, particularly an inflatable plug wherein the plug is 
molded from an elastomer. For delivery, it is rolled or folded 
and pushed through the opening. After it is in place, the plug 
is filled with a liquid or gel through a valve (not shown). The 
geometry of the contact edges provides a large sealing area. 
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[0104] FIG. 19 shows another embodiment of the present 
invention, particularly a spider staple wherein a one piece 
staple is crimped or folded for delivery, expanded, then 
pulled outward through the annulus. A plate is installed to 
provide staple and plug (not shown) support. The staple is 
either crimped over or its shape set to provide a lock to the 
plate. 

[0105] FIG. 20 shows another embodiment of the present 
invention, particularly a ratchet plug wherein an interior 
flange is shape set in an open position. Upon delivery it 
opens and seats against the inner annulus. A plate is inserted. 
The interface between the two parts is a ratchet which locks 
the parts in position and secures the two sides of the annulus 
under pressure. A plug is installed to seal the cavity. 

[0106] FIG. 21 shows another embodiment of the present 
invention, particularly a goblet plug wherein a stent-like 
structure with a fibrous plug (not shown)is delivered in a 
compressed state. Upon expansion, the hole in the annulus 
is filled and the plug is locked in place. 

[0107] FIG. 22 shows another embodiment of the present 
invention, particularly an improved goblet device wherein a 
porous material for tissue growth is wrapped around an 
inverted wedge. The stent-like structure is delivered in a 
crimped state. Upon expansion, the stent is locked in place. 

[0108] FIG. 23 shows another embodiment of the present 
invention, particularly another improved wire goblet device 
wherein porous material for tissue growth is wrapped around 
a wire frame. Upon expansion, the stent is locked in place 
with an independent barbed spring. 

[0109] FIG. 24 shows another embodiment of the present 
invention, particularly a tubular plug wherein a stent-like 
structure with a fibrous plug (not shown) is delivered in a 
compressed state. Upon expansion, the hole in the annulus 
is filled and the locking legs lay against the inside and 
outside walls. Barbs may be provided to penetrate part way 
into the annulus and secure the opening from further expan- 
sion. 

[0110] FIG. 25 shows another embodiment of the present 
invention, particularly an improved tubular plug wherein a 
stent-like structure is delivered in a compressed state. Upon 
expansion, the hole in the annulus is filled and the locking 
legs lay against the inside walls. A distal end may lay against 
the inside wall of the annulus to avoid further delivery. 

[0111] FIG. 26 shows another embodiment of the present 
invention, particularly a spring barb device wherein a simple 
spring structure is used and upon delivery, the barbs pen- 
etrate and lock the device in position. The structure is 
flexible and provides a scaffold for tissue growth. A filler of 
similar material or porous fiber could provide further scaf- 
folding. Additionally, barb geometry could be altered to stop 
the opening from further expansion. 

[0112] While the above implant devices have been 
described specifically for treatment of annular defects, it is 
understood several embodiments can also be used for treat- 
ment of nuclear defects, or for simultaneous treatment of 
both annular and nuclear defects. For example, with respect 
to the embodiments shown in FIGS. 21 to 25, it is clear that 
the implant devices occupy both the annulus and the nucleus 
when inserted into the disc. More specifically, in FIG. 21 the 
tubular portion of the implant device is shown filling the 



annular defect, while the globular, mushroom shaped por- 
tion fills the nuclear defect. The single implant device 
restores the elasticity and support of both the annulus and 
nucleus. Thus, implant devices that are suitable for treatment 
of annular defects should be considered for simultaneous 
treatment of nuclear defects. 

[0113] Repair and Restoration of the Nucleus 

[0114] The present invention can also be used to repair and 
restore the nucleus portion of the disc. Generally, the teach- 
ings and disclosures provided above with respect to treat- 
ment of annular defects are applicable to the treatment and 
repair of the nucleus, and accordingly, will not be recited 
again. It is understood that the implants discussed above can 
be inserted into the nucleus to restore the nucleus. In 
addition, as explained above, it is understood that the 
unexpanded and expanded forms can have a wide range of 
configurations, such as an unexpanded tubular type shape 
that is inserted by a cannula into the nucleus where it 
expands into a wedge, square, circle, globe, rectangle, 
cylinder, or any other desired shape. 

[0115] An additional implant that can be used to repair the 
nucleus is an SMA material that is inserted into the nucleus 
having a wire construction, and upon expansion, fills the 
entire nucleus area. Referring to FIG. 21a, a spring pad 64 
is shown inserted into the nucleus 12. The spring pad 64 
serves as a nucleus augmentation restoring flexibility, elas- 
ticity and height to the vertebral disc. The spring pad 64 
comprises nitinol SMA, or other suitable flexible material, 
that was inserted into the nucleus in wire or small coil form. 
Enough material is deployed to fill the entire nucleus. The 
method of inserting the SMA wire or coil to form the spring 
pad 64 can be varied. 

[0116] One method of delivering the implant into the 
nucleus includes use of an insertion device or delivery gun 
that transforms the coiled wire of the SMA to a straight wire 
as it passes through the delivery gun. Referring to FIG. 28, 
a delivery gun 66 is partially shown. The delivery gun 
comprises a retractable lever 68 that is manually positioned 
to allow access to an opening 70 that provides a controlled 
path through a chamber 72. A nitinol wire 74 is shown 
disposed through the opening 70 and positioned within the 
chamber 72, such that the retractable lever enables a user to 
feed the nitinol wire through the delivery gun and into the 
nucleus. 

[0117] Referring to FIGS. 29a to 29d, there is a needle or 
cannula 76 positioned at an end of the delivery gun 66 that 
is positioned opposite the retractable lever 68 (shown in 
FIG. 28). Two types of needles are shown, namely (1) an 
end port needle shown in FIGS. 29a and 296 where, a notch 
is located at the top or bottom of the needle, and (2) a side 
port needle shown in FIGS. 29c and 29 d where the notch is 
located at the side of the needle. Both types of needles share 
the same general construction and are referred to as the 
needle 76. The needle 76 is adapted for insertion into the 
nucleus and allows the nitinol wire 74 to pass therethrough. 
All of the needles may or may not be Teflon lined. 

[0118] As shown in FIGS. 29a to 29d, the needle 76 
includes a cutting edge or blade 78 that severs the nitinol 
wire 74 after the desired amount of nitinol wire has been 
inserted into the nucleus. The nitinol wire feeds smoothly 
through the needle into the nucleus until the direction is 
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reversed. As shown in FIGS. 29 a and 296, when the 
direction of the nitinol wire is reversed, the wire is drawn 
into the blade, wherein it is notched, then sheared by the pull 
force. The needle 76 can comprise an outer needle 80 having 
a cut out 82 that draws the nitinol wire 74 back into the 
cutting edge. Further, as shown in FIGS. 29c and 29d, wire 
may be cut by a side cutting guillotine type cutter. In such 
a configuration, the wire shape memory alloy exits from a 
side port at the end of the needle. This will require special 
beveling of the needle within the cavity of the needle to 
allow the wire, or whatever the device shape is, to exit 
properly. 

[0119] Additionally, the end of the shape memory wire or 
cable may or may not have a closed loop at each end. The 
advantage of having a closed loop, if present, is that no sharp 
ends are available for potential penetration into annular 
tissue and potential migration from the nucleus center into 
the edge of annulus. The implant may be configured such 
that closed loops form at the ends of the wire after expansion 
or transition of the implant. 

[0120] The delivery gun transforms the coiled wire of the 
shape memory device to a straight wire as it passes through 
the delivery gun and needle to exit from the tip of the needle 
into the center of the nucleus. There, the wire recoils into the 
predetermined shape. The implant may go into the nucleus 
randomly or in a certain pattern (reproducible). Moreover, 
the nuclear restoring implant may go into a nucleus that has 
not been removed or, alternatively, some nucleus may 
require removal to create a small cavity for the implant. 

[0121] Additionally, the delivery gun used to insert the 
wire may or may not have a replaceable cartridge filled with 
the preset coiled wire or pre-shaped memory implant, and 
may be powered or manual. Also, the wire can be loaded into 
the delivery gun and then cut to length by the gun, or can be 
first cut to length then loaded into the delivery gun. 

[0122] Another embodiment of a suitable delivery gun is 
shown in FIGS. 30a and 306. Any of the features discussed 
above with respect to the delivery gun can be incorporated 
into this delivery gun as well, and some of the same 
reference numerals will be used to indicate similar compo- 
nents. FIG. 30a shows a delivery gun 80 having two 
separate portions that attach to form the single delivery gun 
80 shown in FIG. 306. The delivery gun 80 comprises a 
body 82 and a replaceable cartridge 84 that attaches to the 
body. The replaceable cartridge 84 is a housing for the 
nitinol wire 74, or any other suitable implant material being 
used for nuclear repair. Further, the replaceable cartridge 
mounts to the body to allow the user of the delivery gun to 
insert the needle 76 into the nuclear and then deliver the 
nitinol wire 74 through the needle into the nucleus. 

[0123] With the delivery gun 80, the user controls the 
insertion and delivery of the nitinol wire by activating a 
trigger 86 and a clasp 88. The trigger 86 is compressed by 
the user to cause the nitinol wire to be dispensed through the 
cartridge 84 and needle 76 and into the nucleus. The clasp 
88 is compressed to sever the nitinol wire at the needle tip. 
The structure of the needle cutting edge can be similar to 
those discussed above. When the cartridge 84 runs out of 
implant material, a new cartridge can be attached to the body 
of the delivery gun. 

[0124] As shown in FIG. 27b, the wire or cable may or not 
be deployed into a bag or container made of Gore -Tex, 



polypropylene or some other material to contain it into the 
nucleus. The bag can be inserted into the nucleus by any 
suitable delivery device, and then the flexible bag is filled 
with a wire, coil, or other suitable material for expanding the 
nucleus. 

[0125] FIG. 31 shows another embodiment of the present 
invention, particularly microcellular spheres wherein a 
microcellular elastomer is filled with gas bubbles. This 
allows for compressibility. This shows the ability of multiple 
implant devices of the present invention to be used for a 
single repair. The spherical shape allows for movement and 
self equalization of the filler. This concept could be for 
partial or complete nucleus replacement. 

[0126] FIG. 32 shows another embodiment of the present 
invention, particularly a plurality of expandable spherical 
balls. The balls may be made of nitinol or other suitable 
expandable materials, as discussed above. The spherical 
balls 100 are shown as hollow, nitinol spheres formed from 
portions of a nitinol tube that was cut and shaped into 
spheres. The spheres 100 are shown positioned within the 
nucleus 12 of disc 10. The spheres shown have a diameter 
of 0.110 in.; this can be varied depending on the application. 
The spheres are inserted into the nucleus by any suitable 
means, including through a tube, needle, cannula, syringe, or 
other similar device, and are injected into the disc either in 
an open manner through a laminectomy site or via percu- 
taneous treatment. 

[0127] The spherical balls 100 could be inserted either in 
their full size (as shown), or in a deformed shape. For 
example, the spheres could be crushable into a longitudinal 
cylinder or other shape that could pass through the delivery 
device, and then expand into the original predetermined 
shape in the nucleus. Similar to the embodiment of FIG. 31, 
multiple implant devices are used to fill the desired amount 
of space. 

[0128] FIGS. 33a and 336 show another embodiment of 
the present invention, particularly a plurality of expandable 
spherical wire springs. The springs may be made of nitinol 
or other suitable expandable materials, as discussed above. 
In FIG. 33a, nitinol spherical wire spring 110 is shown 
inserted into the nucleus 12 of disc 10. The wire spring 110 
is formed from nitinol wire, and like the other SMA implant 
devices discussed, has deformed and expanded positions 
that allows for easy insertion. FIG. 336 shows the spherical 
wire spring of FIG. 33a, but wherein the spherical wire 
spring 120 is encapsulated in a suitable polymer material, 
preferably Elasthane™. Again, these can be deformable 
devices that delivered through the insertion device in their 
deformed stage, and then re-expand to their original shape 
after entry. Multiple implant devices may be used to fill the 
desired amount of space. 

[0129] FIG. 34 shows another embodiment of the present 
invention, particularly a plurality of spherical polymer 
beads. The polymer beads 130 are shown formed of Elast- 
hane™ polymer. The Elasthane™ polymer is injection 
molded into a bead-like configuration, which allows the 
beads to have a "spring-like" quality. The polymer beads are 
shown having a 0.118 in. diameter. By varying the hardness 
(durometer) of the Elathane™, along with wall thickness, 
the spring factor of the beads can be optimized. Again, these 
are intended to be crush able/deform able. 

[0130] Although a number of the implant devices, such as 
those shown in FIGS. 31 to 35, are shown having a generally 
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circular shape, it is understood that many other shapes are 
suitable. For example, the implant devices can have the 
shape of a saucer or discoid, square, rectangle, ellipsoid, 
cylinder, and any other shape desired to restore shape and 
function in the defect being treated. 

[0131] FIG. 35 shows another embodiment of the present 
invention, particularly a pliable pouch 140. The pliable 
pouch 140 is adapted for insertion into a nucleus of a disc, 
and to receive a plurality of implant devices. The pliable 
pouch 140 is shown formed of Elasthane™, wherein the 
pliable pouch can be created through means such as dip 
molding or blow molding, similar to known processes for 
forming an angioplasty balloon. Further, a fine stainless steel 
mesh can be molded into the material if wall reinforcement 
is desired. 

[0132] Concerning delivery of the pliable pouch into a 
defect or void in a disc (or a bone fracture, as discussed 
below), any suitable delivery means can be used. Further, the 
pliable pouch can be folded, crimped, or collapsed into a 
much smaller area to allow for placement into a small defect. 
Any suitable delivery device can be used for insertion into 
the defect, such as a trocar or a cannula. After insertion into 
the defect, the inner dilator portion of a trocar or a cannula 
could be removed, and the plurality of implant devices can 
be inserted into the pliable pouch. 

[0133] The pliable pouch 140 has a hollow body that 
provides for receipt and containment of multiple implant 
devices. This insertion and containment of the implant 
devices is achieved by valve 142, which is a valve, which 
may be one-way, that is integrated into the pliable pouch. 
The valve enables precise delivery of the implant devices 
into the pouch and ensures containment of the implant 
devices within the pouch, and thus, within the nucleus. The 
valve can have any configuration suitable for delivery and 
containment. For example, the valve 142 of FIG. 35 is 
shown in FIG. 36a having a split-septum configuration, and 
is shown in cross-section in FIG. 36b having a duck-bill 
configuration. A number of other known valve configura- 
tions can be used, as can a zipper or a Ziploc® type 
resealable configuration. 

[0134] With respect to the valve configurations shown in 
FIGS. 36a and 36b (i.e., the split-septum and duck-bill 
configurations), suitable materials typically have elastic 
properties that enable the valve to maintain a seal between 
two opposing surfaces. For instance, with the split-septum 
configuration, two opposing surfaces of the valve define a 
seal that can be penetrated by positioning an object between 
the two surfaces and applying a sufficient force to cause the 
opposing surfaces to separate from each other. For instance, 
rubber and latex materials have been commonly used for 
such valve surfaces. Once the seal is penetrated by an object, 
such as a blunt cannula, the two opposing surfaces remain 
separated until the object is removed. Once the object (i.e., 
a blunt cannula, or any other insertion device) is removed 
from between the opposing surfaces of the valve, the oppos- 
ing surfaces return to their original positions and the valve 
is re-sealed. This general operation is common to several 
valves, including the duck-bill configuration. However, the 
duck-bill valve is configured to be a one-way valve, allow- 
ing only for operation from the exterior of the pliable pouch. 
Use of a one-way valve in the pliable pouch allows for 
controlled placement of an insertion device into the valve 



and for delivery of implant devices into the pouch. Once the 
insertion device is removed the valve is re-sealed and the 
implant devices are retained within the pouch. 

[0135] The pliable pouch 140 is shown in FIG. 35 having 
a plurality of the polymer beads 130 inserted within the 
pliable pouch. It is understood, however, that the particular 
implant device(s) inserted into the pliable pouch can be 
varied to have any suitable configuration. Furthermore, the 
shape and configuration of the pliable pouch can be varied 
depending on the application. In addition, the pliable pouch 
can also be used to for treatment of any cartilaginous defect 
of any joint. This includes, without limitation, meniscal 
injuries in the knees, and labral cartilaginous injuries in the 
shoulder. The pliable pouch can be inserted into such 
cartilaginous defects and filled with one or more suitable 
elastic structures to provide elasticity and support to the 
defects, and to restore the cartilaginous structures to their 
normal condition. 

[0136] It is understood that the features described for the 
multiple embodiments of implant devices can be inter- 
changed. For example, the use of multiple implant devices 
within a simple nucleus is expressly described for FIGS. 31 
to 35, but it is understood that many of the other implant 
devices may also be used in multiple form, or adapted to be 
suitable for multiple implantation. Moreover, the multiple 
implant devices inserted into a single nucleus do not need to 
be multiple forms of the same implant device (i.e., several 
different types and configurations of implant devices can be 
inserted into a single location). Furthermore, the exemplary 
embodiments discussed for treatment of nuclear defects may 
be suitable for treatment of annular defects, or vice versa. 

[0137] Treatment of Cancellous Bone Fractures 

[0138] The present invention, including without limitation 
the specific exemplary implant devices discussed above with 
respect to treatment of annular and/or nuclear defects in 
intervertebral discs, can also be used in different areas of the 
human body. This includes treatment of cartilaginous defects 
(as noted above) and areas of cancellous bone fractures. 
Cancellous bone fractures occur in multiple areas of the 
body including the distal radius, the plateau of the tibia 
adjacent to the knee joint, which generally results in collapse 
and distortion of the joint space or cancellous fracture of the 
heel. Other fractures amenable to the present implants 
include fractures in the thoracic or lumbar spine. The present 
implants can be inserted into such fractures and expand to 
fill the defect and reconstruct alignment. In addition, as 
discussed above with respect to FIGS. 31 to 35, multiple 
implant devices can be used to restore fracture alignment. 
Therefore, while the specific implant devices are not 
described for treatment of these other types of fractures, it is 
understood that the present invention is intended for such 
treatments. 

[0139] The implant can be an SMA requiring activation 
(i.e. temperature or electrical) or can be a superelastic SMA 
or other suitable material. The implant is compressed into a 
very small volume for delivery into the fracture void, either 
directly or by cannula percutaneously, and then expands to 
fill the void. Just as with the implants for annular defects and 
nuclear repair, the implants for treatment of bone fractures 
can be made to any necessary shape and/or size. 

[0140] The cancellous bone fractures include distal radius 
fractures, tibial plateau fractures, calcaneous fractures, and 
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vertebral compression fractures. Simple bone graft added to 
these sites for more successful healing would also be appro- 
priate, either autogenous (from the patient) or cadaveric 
(from bone bank). Bone cement, such as methyl methacry- 
late or other synthetic polymers, can also be used. 

[0141] As a result of the present implants, the common 
collapse seen in the healing process due to the soft spongy 
bone not having structural integrity can be avoided. Thus, 
significant shortening of the fracture and change of align- 
ment of the joint and of the fracture can be avoided, and 
more successful healing results. This includes a better reduc- 
tion of the fracture and better maintenance of the reduction 
as the fracture heals. Thus, the present implants successfully 
overcome the problems associated with known treatments 
for such fractures. 

[0142] Each of the implants described with respect to 
annular repair, nuclear repair, and fracture repair may or may 
not be coated with titanium oxide or some other coating, 
potentially hydrophilic, to reduce wear debris. In fact, the 
implant may actually be coated with one or both of these 
coatings in order to reduce the likelihood of wear debris. 

[0143] With respect to the particular sizes of all of the 
above-described implant devices and delivery devices, it is 
understood that sizes will vary depending on the application. 
For example, if an implant device is to be inserted percu- 
tanteously via a needle, then the implant device must have 
a diameter sufficient for insertion through the needle. For 
delivery via a needle, it is generally preferred to use a needle 
in the range between 10-gauge and 27-gauge. More prefer- 
ably, a needle will be in the range between 16-gauge and 
18 -gauge. However, all of the sizes of the exemplary 
embodiments described herein, including delivery devices 
and implant devices, can be varied to best suit the particular 
defect, void, or tear being treated. 

[0144] In addition to the specific features and embodi- 
ments described above, it is understood that the present 
invention includes all equivalents to the structures and 
features described herein, and is not to be limited to the 
disclosed embodiments. For example, the size, shape, and 
materials used to construct each of the implants can be 
varied depending on the specific application, as can the 
methods and devices used to insert them into the patient. 
Additionally, individuals skilled in the art to which the 
present expandable implants pertain will understand that 
variations and modifications to the embodiments described 
can be used beneficially without departing from the scope of 
the invention. 



What is claimed is: 

1. An expandable shape memory alloy implant adapted 
for insertion into an intervertebral disc comprising means for 
restoring elasticity in a nucleus, an annulus, or nucleus and 
annulus wherein support and structure are provided to the 
nucleus or the annulus without use of a fusion device. 

2. The expandable implant of claim 1 wherein the means 
for restoring elasticity comprises a configuration that pre- 
vents the expandable implant from exiting the nucleus or the 
annulus after insertion therein. 

3. The expandable implant of claim 2 wherein the con- 
figuration comprises a compressed form having a size 
adapted for insertion into the nucleus or the annulus, and an 



expanded form that is larger than the compressed form after 
the expandable implant is inserted into the nucleus or the 
annulus. 

4. The expandable implant of claim 3 adapted for posi- 
tioning within a tube, needle, cannula, syringe, or other 
similar device, such that the expandable implant can be 
injected into the nucleus or the annulus percutaneously. 

5. The expandable implant of claim 3 wherein the shape 
memory alloy is nitinol, and the expanded form is a helical 
sphere configuration. 

6. The expandable implant of claim 5 wherein the expand- 
able implant is encapsulated by po lye therure thane. 

7. A method of repairing a defect in an intervertebral disc 
or in a cancellous bone fracture comprising: 

loading a plurality of implant devices into a delivery 
device adapted for insertion into the defect, wherein the 
implant devices are in a compressed form; 

inserting the delivery device into the defect; and 

releasing the implant devices from the delivery device, 
wherein the implant devices transform from the com- 
pressed form to an expanded form. 

8. The method of claim 7 wherein the delivery device 
comprises a needle having a gauge between 10-gauge and 
27-gauge. 

9. The method of claim 7 further comprising inserting the 
delivery device into the defect percutaneously. 

10. The method of claim 7 wherein the implant devices 
comprise helical spheres formed of nitinol. 

11. The method of claim 7 wherein the implant devices 
comprise spherical beads formed of polye therure thane. 

12. The method of claim 7 further comprising inserting a 
pliable pouch into the defect before inserting the implant 
devices, and then inserting the delivery device into a valve 
in the pliable pouch, and then releasing the implant devices 
into the pliable pouch, such that the implant devices are 
contained within the pliable pouch. 

13. The method of claim 12 wherein the pliable pouch has 
a composition comprising polyetherurethane. 

14. The method of claim 9 wherein the defect is in a 
nucleus or an annulus of the intervertebral disc, and the 
implant devices restore elasticity and provide support and 
structure without use of a fusion device. 

15. The method of claim 7 wherein the cancellous bone 
fractures comprises distal radius fractures, tibial plateau 
fractures, calcaneous fractures, and vertebral compression 
fractures. 

16. An implant for repair of a defect in an intervertebral 
disc or in a bone fracture or in a cartilaginous joint, wherein 
a plurality of the implant are used to repair the defect, and 
each implant comprises: 

a pre-insertion shape adapted for insertion into the defect; 

a composition that allows the pre-insertion shape to be 
transformed to a post-insertion shape after the implant 
is inserted into the defect; and 

the post-insertion shape defines a larger volume than the 
pre-insertion shape. 

17. The implant of claim 16, wherein the plurality of the 
implant provide support to the defect when each implant 
device is in its post-insertion shape. 

18. The implant of claim 16 wherein the defect is in a 
nucleus or an annulus of the intervertebral disc. 
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19. The implant of claim 16 wherein the bone fracture 
comprises distal radius fractures, tibial plateau fractures, 
calcaneous fractures, and vertebral compression fractures. 

20. The implant of claim 16 wherein the implant is 
adapted for insertion into a needle of a delivery device 
having a gauge between 10-gauge and 27-gauge, such that 
the implant can be inserted into the defect percutaneously. 

21. An implant for repair of a defect in an intervertebral 
disc or in a bone fracture, the implant comprising a hollow 
body adapted to receive and contain multiple implant 
devices. 



22. The implant of claim 21 wherein the implant is a 
pliable pouch adapted for insertion into the defect and 
comprises a valve that allows the implant devices to be 
inserted into the pliable pouch after the pliable pouch is 
positioned within the defect. 

23. The implant of claim 22 wherein the defect is in a 
cartilaginous joint. 



